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THE  DYNAMICS  OP  BLOOD  CIRCULATION  PARAMETERS 


OF  THE  CEREBRAL  VASCULAR  SYSTEM 
DURING  LONGITUDINAL  GRAVITATIONAL  LOADS 

Yu.  Ye.  Moskalenko,  0.  0.  Qazenko,  A.  A.  Shurubura, 

I.  I,  Kns’yan,  0.  V.  Graunov 

The  study  of  reactions  of  an  organism  to  gravitational  loads  is 
one  of  the  basic  problems  of  space  biology.  Therefore,  many  articles 
and  reports  have  been  published  in  recent  years  devoted  to  results  of 
Investigations  of  the  effects  of  changing  gravitational  poles  on  the 
various  systems  of  man  and  animals.  On.  the  basis  of  available  in¬ 
direct  data  it  is  possible  to  conclude  that  one  of  the  most  sensitive 
systems  In  this  aspect  of  space  flight  is  the  cerebral  blood  circula¬ 
tion  system  because  of  the  peculiarities  of  its  structure  and  the 
high  intensity  of  cerebral  blood  flo*c.  There  are  no  reports  in  avail¬ 
able  literature  which  relate  to  the  study  of  this  part  of  the  cardio¬ 
vascular  system  under  conditions  of  a  changing  gravitational  field. 
This  1b  undoubtedly  caused  by  method  leal  difficulties  in  studying 
cerebral  blood  circulation  even  under  normal  conditions  not  to  men¬ 
tion  the  complications  caused  by  the  characteristics  of  an  experiment 


FTD-TT-64 -534/1+244 


-1- 


in  changing  gravitational  Helds* 

In  recent  years  we  have  developed  methods  for  studying  cerebral 
blood  circulation  during  the  effect  of  overloading  (Moskalenko,  et  al., 
1962j  Moskalenko,  1962),  as  a  result  of  which  corresponding  methods 
were  developed.  The  first  stages  In  Investigating  changes  In  the 
filling  of  cerebral  cavity  with  blood  during  maximum  loads  of  +  1  g 

(Moskalenko,  et  al.,  I963)  convinced  ua  that  the  cerebral  vascular 

✓ 

system  poaaeeea  a  very  high  sensitivity  the  redistribution  of 
blood  In  the  organism  which  la  caused  by  longitudinal  gravitational 
loads . 

In  connection  with  this  we  extended  the  Investigations  in  the 
direction  of  studying  the  peculiarities  of  the  dynamics  of  blood  cir¬ 
culation  parameters  in  the  cerebral  cavity  under  longitudinal  gravi¬ 
tational  loadB,  paying  particular  attention  to  elucidating  compensa¬ 
tory  possibilities  In  this  part  of  the  cardiovascular  Byatem,  to. 
differentiating  phenomena  of  a  passive  mechanical  nature  from  active 
reactions  of  cerebral  vessels  arid  to  elucidating  several  factors  which 
basically  underiy  the  reactions  of  cei*ebral  vessels  to  gravitational 
effects. 


Methods 

Sufficient  Information  on  the  condition  of  the  cerebral  vascular 
system  di  ring  certain  effects,  particularly  during  gravitational 
loads,  can  be  obtained  by  means  of  simultaneous  recording  -  .  of  sev¬ 
eral  circulation  parameters.  Taking  into  account  current  methodi¬ 
cal  possibilities  and  the  peoul larltiee  of  the  experiment  during  the 
study  of  gravitational  effects,  we  chose  for  recording  two  •  circu¬ 
lation  parameters  ;  the  change  of  volume  of  blood  within  the  cerebral 
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cavity;  the  change  in  pressure  at  various  points  within  the  cerebral 
cavity. 

As  we  have  shown  earlier  (Moskalenko,  1<*>3 ),  the  no  two  parameters 
during  experimental  conditions,  which  exclude  terminal  conditions, 
give  sufficient  information  to  make  It  possible  to  judge  the  condi¬ 
tion  of  the  cerebral  vessels. 

To  record  changes  In  the  filling  of  the  cerebral  cavity  with 
blood,  we  used  the  elect.ropletliy sinograph  method.  Ih  distinction  from 
the  electroplethysmograph  which  we  had  used  earlier  (Moskalenko,  et  al. 
1962,  1963)  the  present  investigations  were  conducted  with  an  arrange¬ 
ment  in  the  outlet  block  of  which  was  applied  a  circular  phase- 
sensitive  detector  circuit  (Pig.  i,a)(the  electrical  circuits  of  the 
generator  and  amplifier,  not  «hown  in  Pig.  1,  differed  little  from  the 
circuits  which  we  described  earlier).  Application  of  the  phase- 
sensitive  detector  made  it  possible  to  eliminate  the  baste  short¬ 
coming  of  highly  sensitive  electroplethysmographs  with  a  bridge  circuit 
of  the  irv.mt  attachment  -  the  non-linear  dependence  between  changes 
in  electrical  conductivity  of  the  investigated  object  and  the  current 
at  the  output  of  the  instrument  near  the  balance  point  of  the  bridge 
(Pig.  l,b).  ThiB  led  to  considerable  simplification  in  tuning  the 
instrument  and  eliminated  errors  arising  in  the  direction  of  shift 
of  the  electroplethysmograph  during  a  change  in  the  phase  voltage 
sign  on  the  bridge  diagonals  (segments  fie-k  in  Pig.  l,b). 

We  recorded  cerebral  pressure  by  means  of  tensoelectric  manome¬ 
ters,  Tenaometer  wires  with  a  base  of  15  or  10  mm  were  glued  to  a 
celluloid  membmne  <>f  20  mm  diameter  which  was  the  reason  for  the 
cone-shaped  manometer  housing  which,  at  the  apex,  transformed  into 
an  Insert  of  5  mm  dlam^t^r  which  was  screwed  into  the  skull  of  the 
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animal,  flush  a  fux*m  uf  tits  imw«*  eavity  wf  t‘w»  w«a»  h, 

possible  to  extinguish  Uiv  pressure  wave  reflected  from  the  membrane; 
this  reuuced  distortion  while  recording  pulse  f luctuutlons . 

The  inner  cavity  of  the  manometer  *  filled  with  a  physiol og  *  <•<» ' 
solution,  was  connected  through  a  slit  In  the  dura  mater  with  the 
subarachnoid  apace  of  the  brain.  Manometers  were  switched  In  to  a 

standard  tensoelectric  device,  type  UTS-l-VT-i2. 

< 

To  get  some  idea  of  the  reasons  causing  reactions  of  the  cerebral 
vessels  In  response  to  gravitational  loads,  together  with  simu‘tane- 
ous  recording  of  the  two  circulation  parameters  mentioned  above. 

In  several  experiments  we  looked  for  changes  In  the  general  arterial 
pressure,  In  the  force  of  respiratory  movements  of  the  animal  and 
oxygen  tension  In  the  brain  tissue  and  also  efiangea  In  the  pressure 
dynamics  within  the  spinal  cord  cavity.  Recording  of  arterial 
pressure,  pressure  in  the  spinal  cord  cavities  and  x*eaplratory  move¬ 
ments  was  accomplished  by  means  of  tunsonieters .  Oxygen  stress  was 
recorded  by  the  pularugraphic  method  on  a  device  suggested  by  Ye.  A. 
Kovalenko  (1962). 

The  processes  which  we  studied  were  recorded  on  a  K  12  21 
oscillograph  (recorded  on  photographic  paper  10  cm  wide).  Ail  of 
the  separate  blocks  were  mounted  Into  a  single  device,  the  scheme 
of  which  Is  shown  in  Fig.  2.  Pressure  sensing  devices  and  electrodes 
In  an  ox*ganlc  glass  mounting  were  screwed  into  apertures  of  5  nun 
dlametex*  which  were  trepanned  in  the  skull  and  spine.  The  sensing 
device  fox*  respiratory  movements  (Rm)  was  mounted  on  a  stand  to  which 
the  animal  was  fastened,  and  the  sensing  device  for  arterial  pressure 
(  AP)  was  connected  with  a  cannula  which  was  Inserted  in  the  femox*al 
ux-tei'y.  Tlie  scheme  of  the  distribution  of  sensing  devices  and 
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elf*- nrodes  le  shown  In  Fig.  5. 

Experiments  conducted  on  dogs,  cats,  rabbits,  and  rats  under  a 
general  uretharefr  gperl  kg  of  weight)  intraperltonent  narcosis.  In 
all,  64  experiments  were  conducted.  In  each  of  which  the  animal  wan 
gmbi  u> f<i  to  15-20  separate  tests  on  a  rotating  stand  which  made  it 
pofcslble  to  create  longitudinal  gravitational  loads  up  to  4  1  g,  and 
several  experiments  were  conducted  on  a  centrifuge  which  created  ac¬ 
celeration  up  to  10  g. 


Fit’.  1.  a-  the  block  h-mi-tio 
of  the  oleetroplethy;?m<v,rupii 
jih  pha.’e-aennltive  circular 
detector:  «>-  function  not  ween 
curreni  a'  olorM  ropl  el  hyr.m1'- 
graph  out  put  (1-v/Hh  conven¬ 
tional  (U’Leetor,  2-v  11  h  phar.e- 
i.eitaltive  (k»t«*c i.(,r )  and  the 
resistance  of  tm*  invent lgatod 
object  near  tne  bai  tnce  point 
of  the  I'ridge. 


Fig.  2.  General  Me^k-achem** 
of  the  arrangement 


Fig,  ,  ;tr'h»-me  of  the  distribu¬ 
tion  of  preu.-.ure  Indicators  and 
electrode. i  under  conditions  of 
HMite  r. vpor  1  .*nee 
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lie  lore  us ,  first  of  all,  stood  the  task  of  elucidating  the  gen¬ 
eral  pattern  of  changes  in  the  intracranial  circulation  system  under 
gravitational  loads  and  to  establish  acceleration  magnitudes ,  during 
which  it  followed  to  study  in  detail  the  dynamics  ol’  the  circulation 
parametort}  of  the  cerebral  vascular  system. 

With  this  aim,  we  eondjjoted  a  series  of  experiments  on  dogs.  In 
which  we  recorded  the  Intracranial  eieetroplethyamograph  (EPQ) 
during  circulation  In  a  centrifuge  during  a  gradual  (in  the  course 
of  2  minutes)  increase  in  the  number  of  revolutions  from  zero  to 
quantities  which  created  an  overload  of  nearly  10  g.  At  tile  begin¬ 
ning  of  circulation,  the  level  of  the  intracranial  EPO  differed 
little  from  the  original  but  later  deviated  significantly  and  then 
remained  fixed  during  further  increase  in  the  overload.  In  other 
wox-ds,  at  the  beginning  of  circulation  we  observed  reactions  from 
the  aide  of  the  Intracranial  vessels  which  prevent  excess  filling  or 
destruction  of  the  cerebral  cavity,  but  during  an  increase  In  the 
number  of  involutions  the  volumetric  reserves  of  the  cerebral  cavity 
ax-e  exhausted  which  la  evidenced  by  the  stabilization  of  the  EPO 
level  during  further  increase  In  the  gravitational  load.  The  load 
quantities  undex*  whlcu  these  phenomena  are  observed  are  shown  in 
Table  1. 

Prom  Table  1  we  can  conclude  that  detailed  study  of  the  dynamics 
of  circulation  parameters  of  the  cerebral  vascular  system  la  most 
expedient  to  conduct  during  longitudinal  gravitational  loads  from 
0.2  to  2.0  g.  Actually,  at  the  beginning  of  these  limits  there  Ilea 
a  threshold  of  cerebral  vascular  sensitivity  to  longitudinal  gravita¬ 
tional  loads;  at  the  average  loads,  active  reactions  are  observed 
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from  the  brain  vessels  and  during  accelerations  lying  close  to  the 
upper  limit,  phenomena  arise  which  show  that  the  volumetric  reserves 
of  the  Intracranial  cavity  system  are  already  exhausted. 

Proceeding  from  these  data.  In  further  aeries  of  experiments  we 
applied  gravitational  loads  lying  within  the  indicated  limits.  To 
aasure  accuracy  In  apportioning  the  reaction  and  to  simplify  analysis 
of  the  results  obtained,  in  all  of  the  above  cited  experiments  Jump¬ 
like  changing  gravitational  loads  were  applied.  The  time  of  their 
accumulation  consisted  of  approximately  0.2-0. 5  sec  and  then  the 
load  remained  fixed  for  10-30  see. 


TABLE  1 


Change  in  level  of  Intracranial  EPO  under  gradually  inereasi?»g  gravi¬ 
tational  loads 


Direction  of 

Beginning  of 

Stabl llzat Ion 

acceleration 

fluctuations 

of  level  in 

in  level  of 

intracranial 

intracranial 

EPO,  g  units 

EPO,  g  units 

Feet  -  head 

0. 4-0.6 

1.2-2. 5 

Head  -  feet 

0.3-0. 4 

1 

1.0-1. 5 

) 


A.  Changes  In  Level  of  the_Recor»Ung  Quantities 

The  experiments  which  we  conducted  showed  that  the  levels  of 
Intracranial  pressure,  of  pressures  in  the  ischemic  and  cervlr?£  regions 
of  the  spinal  column  and  the  Interravial  the  EPO  changed  substantially 
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during  and  b»»d§  (*4g»  4)»  Sh«n«eB 

in  intracranial  pressure  and  pressure  In  the  cervical  and  lumbar 
region*  of  the  spinal  column,  proportional  to  the  amount  of  load 
(Table  2)  t  occur  immediately  after  the  beginning  of  the  reaction  and 
further,  during  the  rest  of  the  time  they  remain  constant  In  the 
majority  of  experiments,  in  aome  caaea,  eapecially  during  loads 

causing  outflow  of  blood  from  the  brain,  during  the  reaction  some 

✓ 

normalization  of  the  intracranial  pressure  level  and  a  pressure  in¬ 
crease  in  the  lumbar  region  of  the  spinal  column  are  observed.  Upon 
restoration  of  the  original  position  of  the  body,  pressures  In  the 
cerebral  cavity  and  spinal  column  rapidly  return  to  normal.  Under 
loade  causing  an  influx  of  blood  to  the  head,  the  restoration  of  the 
intracranial  pressure  level  frequently  occurs  through  a  phase  of  a 
short-lived  pressure  increase  lasting  5>-l&  sec. 

Changes  in  the  Intracranial  EPO  level  were  similar  in  the  majority 
of  cases  to  the  changes  which  we  obtained  earlier  in  experiments  with 
rats  (Moskalenko,  et  al.,  19 6.5). 

However,  in  cats  and  dogs  the  Intracranial  EPO  contains  a  number 
of  peculiarities  which  are  more  noticeable  In  these  animals. 


TABLE  2 

Change  In  pressures  of  various  regions  of  the  cerebral  spinal  cavity 
during  longitudinal  gravitational  loads 


1 

Magnitude 
of  load, 
g  units 

Magnitude  of  pressure  change 
(cm  wafer  column) 

Inside 

the 

cranium 

In  the  cervical 
region  of  the 
spinal  cord 

in  the  lumbar 
region  of  the 
spinal  cord 

0,2 

0.6- 1.6 

.  „ 

0. 8-2.0 

0,6 

ii.  0-6.0 

0.1-0. 6 

2.0-4. 0 

1.0 

6. 0-6.0 

o. 6-1.0 

4 . o-y . o 
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1.  Under  loads  on  the  order  of  i  g  causing  outflow  of  blood 
from  the  head,  in  many  cases  we  observed  a  reaction  opposite  to  that 
which  occurred  In  experiments  with  rats,  and  In  particularly,  the 
amount  of  blood  filling  the  brain  Increased.  Such  a  reaction  is 
observed  only  when  definite  load  magnitudes  are  reached.  In  these 
same  animals  at  loads  on  the  order  of  0.2-0. 5  g  the  direction  of 
change  in  the  intracranial  EPO  level  coincides  with  the  curves  which 
we  observed  earlier,  and  indicates  a  decrease  in  blood  filling  of  the 
intracranial  cavity.  Beginning  with  a  load  of  0.4  g,  there  appears 

a  clearly  expressed  physiological  component  of  the  reaction  which 
normalizes  the  intracranial  EPO  level  within  5-8  seconds  after  the 
beginning  of  the  reaction.  Upon  further  increase  of  tb^  load  this 
active  reaction  increases,  and  already  at  loads  on  the  order  of  1  g 
a  reverse  reaction  is  observed  which  is  caused  not  by  the  mechanical 
displacement  of  the  blood  column  but  by  the  physiological  component 
(Fig.  5). 

2.  At  times  we  observed  changes  in  the  intracranial  EPG  level 
which  were  the  opposite  of  those  typical  during  similar  reactions  in 
that  the  EPO  level  in  these  cases  changed  jump-like,  in  the  beginning 
and  at  the  end  of  the  reaction  (Fig.  6),  It  is  difficult  to  relate 
such  rapid  changes  in  EPO  level  to  Indices  of  active  physiological 
reactions,  although  several  authors  (Mchedlishvili,  196?)  believed 
that  the  speed  of  reactions  in  the  vbscular  system  of  the  brain  can 

be  very  large.  ThiB  would  more  likely  be  caused  by  small  displacements 
of  brain  mass  resulting  from  gravitational  forces  which  show  up  in 
Jump-type  changes  in  electrical  conductivity  between  electrodes. 

Such  an  assumption  is  not  unrealistic  In  sb  much  as  the  possibil¬ 
ity  of  displacements  in  brain  mass  resulting  from  gravitational  forces 
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la  shown  In  the  work  of  Adey,  at  ai.  (lyol)j  A.  X.  Naumenko,  et  aX., 
(1962)  propose  that  small  displacements  of  brain  mass  are  observed 
constantly,  facilitating  the  transfer  of  the  pulae  wave  within  the 
cranium. 

3.  In  many  experiments,  the  beginning  moment  during  actions 
causing  the  Influx  of  blood  to  the  head,  and  upon  cessation  of  ac¬ 
tions  in  the  case  of  outflow  of  blood  from  the  head,  the  filling  of 
blood  In  the  cerebral  cavity  decreases  sharply  for  several  seconds 
(Pig.  7).  A  similar  decrease  in  blood  filling  reminds  one,  by 
appearance,  of  a  momentary  spasm  of  the  brain  vessels  caused  during 
a  change  In  longitudinal  gravitational  load.  It  la  possible  that 
the  phenomenon  Is  basically  caused  by  the  emergence  of  Ischemic 
anoxia  In  the  brain  during  longitudinal  overloads,  the  symptoms  of 
which  were  observed  during  such  reactions  by  the  subjects  of 
Rosaanlgo  and  Melnerl  (1961},  and  Duvolsln,  et  al.,  (1962)  and  others. 

4.  In  studying  the  dynamics  of  blood  filling  the  cerebral  cavity 
during  longitudinal  gravitational  loads.  It  was  noticed  that  after 
the  first  reaction  In  a  given  experiment  the  sign  of  the  Intracranial 
EPQ  level  does  not  return  to  the  original  upon  cessation  of  the  reac¬ 
tion  but  occupies  some  sort  of  Intermediate  value  between  its  position 
during  the  reaction  and  the  original  (Fig.  8).  However,  after  all  of 
the  subsequent  reactions  of  the  same  sign,  the  intracranial  EPQ  level 
rapidly  returns  to  normal.  This  fact  can  be  explained  If  it  Is 
assumed  that  under  normal  conditions,  the  volume  of  blood  In  the 
cerebral  cavity  of  animals  Is  not  some  surt  of  constant  quantity  but 
can  fluctuate  within  certain  limits;  but  during  the  change  in  th. 
level  of  blood  filling  in  the  cerebral  cavity  either  above  or  below 
these  limits,  active  or  passive  compenBltory  mechanisms  tend  to  bring 
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the  volume  of  blood  in  the  cerebral  cavity  back  to  the  original  limits. 

In  favor  of  such  an  assumption  are  the  results  of  Qeigel’s  hydro- 
dynamic  calculations  (1905)  which  show  that  during  small  changes  in 
blood  volume  in  the  cerebral  cavity,  the  total  resistance  to  blood 
flow  in  the  brain  vessels  remains  unchanged. 

5.  In  comparing  changes  in  the  intracranial  EPO  level  during 
longitudinal  gravitational  loads  from  0.2  to  1.5  g  on  various  types 
of  experimental  animals  (rats,  rabbits,  cats,  and  dogs)  it  is  possible 
to  notice  that  cats,  and  especially  dogs,  have  active  regulatory 
processes  which  are  observed  under  lighter  loadB  than  for  rats.  How¬ 
ever,  the  phenomena  indicating  destruction  of  normal  activity  in  the 
central  nervous  system  observed  in  these  animals  under  somewhat 
greater  loads  in  comparison  with  rats  (Table  5).  Rabbits  react  in  a 
special  way  to  longitudinal  gravitational  loadB.  These  animals  have 
both  a  sensitivity  threshold  and  a  threshold  of  destruction  of  activ¬ 
ity  in  the  central  nervous  system  which  are  very  small. 

Because  mobility  in  the  vertical  plane  for  rats,  cats,  and  dogs, 
and  consequently  their  conditioning  to  longiUidlval  gravitational  loads 
the  vertical  plane  which  arise  when  the  body  position  Is  changed  in 
are  approximately  the  same,  then  it  can  be  assumed  that  differences 
in  thresholds  of  sensitivity  to  overloads  for  these  types  of  animals 
are  caused  by  unequal  development  of  their  central  nervous  systems. 
Peculiarities  of  rabbits’  reactions'  to  longitudinal  gravitational 
loads  and  also  several  experiments  which  wp  conducted  on  rates,  v'hich  for 
a  month  are  found  under  conditions  or  limited  mobility, 

make  .  it  possible  to  conjecture  that  the  magnitude  of  the  sensitivity 
threshold  In  the  intracranial  circulatory  system  to  longitudinal 
velocities  are  determined  also  by  ecological  pecularitles .  This 
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supposition  is  confirmed  by  a  series  or  experiments  in  whioh  we 
recorded  the  dynamics  of  intracranial  EFQ  level  under  loads  placed 
simultaneously  upon  two  rata,  one  of  which  was  acclimatized  to  hy¬ 
poxia  and  the  other  was  the  control  subject  (Fig.  9).  It  is  evident 
from  this  figure  that  under  identical  loads  (0.8  g)  a  change  In  in¬ 
tracranial  EPQ  in  the  control  animal  indicates  an  active  physiologi¬ 
cal  reaction,  but  in  the  acclimatized  animal  the  stimulus  still  does 

< 

not  attain  threshold  value. 

However,  we  are  still  not  assuming  that  there  la  sufficient  fac¬ 
tual  material  to  warrant  convincing  confirmation  of  our  assumptions; 
still  necessary  are  detailed  comparative  physiological  Investiga¬ 
tions  of  the  peculiarities  of  intracranial  EPQ  and  other  indices  In 
various  types  of  animals  which  differ  by  level  of  development  of 
their  central  nervous  systems  and  their  ecologies. 


'  T 


Fig.  *. 
pressure 

cervical 


ange 


a  In  InLracraulal 


,  pressures  in  the 
i  and  lumbar  (^)  regions 
of  the  spinal  cord  and  Intracranial 
EPQ  (5)  of  cats  under  positive  (A) 
and  negative  (B)  longitudinal  gravi¬ 
tational  loads  of  O.o  to  1  unit  of 
uctiun.  InUexof  time  Is  1  see. 
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Fig.  5-  Changes  in  level  of 
intracranial  EPG  of  a  cat  un¬ 
der  several  increasing  gravi¬ 
tational  loads. 

Time  index  is  i  sec. 


Fig.  6.  Jump-like  change  In 
level  of  intracranial  level 
of  EPO  (1)  and  Intracranial 
pressure  (2). 

Time  index  is  i  sec. 


Fig.  7*  Short  duration  de¬ 
crease  in  blood  filling  of 
the  cerebral  cavity  during 
influx  of  blood  to  the  head 
(EPG  is  the  curves).  1-  in¬ 
dex  of  time  la  1  sec;  2-  in¬ 
dex  of  action.  A-  negative 
acceleration;  B-  positive 
acceleration. 


Fig.  8.  Dynamics  of  the  level 
of  intracranial  EPG  during  the 
first  action  in  the  given  ex¬ 
periment.  Index  of  time  is  1 
sec.  i-  index  of  time;  2-  in¬ 
dex  of  action. 
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Pits.  y.  Dynamics  of  the  level  of 
Intracranial  EPQ  In  a  controlled 
rat  (3)  and  rata  conditioned  to 
hypoxia  (2|  in  response  to  identi¬ 
cal  (0.8  g)  action,  i-  respiratory 
movements  of  the  controlled  animal 
Index  of  time  —  1  sec 


TABLE  3 


Change  in  thresholds  of  sensitivity  and  disturbances  of  regulation 
In  intracranial  blood  circulation  In  different  types  of  animals  as 
a  function  of  the  development  of  the  central  nervous  system  (CNS) 

and  ecology 


Type  of  animal 

Thresho_d  of 
sensltivi ty 
of  the  brain 
vessels*  in 
g  units 

Threshold  of  disturb 
ances  In  the  regula¬ 
tion  of  intracranial 
blood  circulation, 
in  g  units 

Rabbits 

0.3-0. 5 

0.5-0. 8 

Rats 

Control 

0.5-0. 8 

0.8-0.12 

Held  under  con¬ 
ditions  of  hypoxia 

0. 8-1.0 

>  1.0 

Held  under  con¬ 
ditions  of  limited 
mobl 1 1 ty 

O.^-O.1* 

0.6-0. a 

Cuts 

0.4-u.G 

0.8  -  >  i.o 

Dogs 

u.3-0.5 

1.0-1. 5 

B.  Periodic  Fluctuation 


The  dynamics  of  the  level  of  intracranial  pressure  and  blood 
filling  of  the  cerebral  cavity  under  longitudinal  gravitational 
loads  are  accompanied  by  changes  in  the  parameters  of  periodic  com¬ 
ponents  of  these  parameters  —  pulse  and  respiratory  eaves  whereby, 
just  as  In  relation  to  the  dynamics  of  the  pressure  level,  in  the 
intracranial  EPQ  are  observed  more  significant  changes  than  on  the 
curve  of  intracranial  pressure.  Thus  for  example,  in  Pig.  10a,  it 
is  obvious  that  within  5-10  sec  after  the  beginning  of  the  action 
on  the  intracranial  EPO  respiratory  waves  increase  significantly  — 
by  6-10  times  —  during  the  same  time  that  respiratory  waves  of 
intracranial  pressure  increase  by  only  2-3  times. 

It  should  be  noted  that  the  dynamics  of  the  amplitude  of  re¬ 
spiratory  waves,  both  of  the  intracranial  EPO  and  of  Intracranial 
pressure  do  not  always  correlate  with  the  range  of  respiratory 
movements  of  the  experimental  animal.  This  follows,  in  particular, 
from  the  experiments  shown  in  Pig.  10a  where  the  amplitude  of  respira¬ 
tory  movements  remained  unchanged  all  of  the  time.  In  other  experi¬ 
ments  we  observed  that  sometimes  increased  frequency  of  respiratory 
movements  during  the  reaction  was  accompanied  by  a  decrease  In  the 
amplitude  of  respiratory  waves  in  the  intracranial  EPO  (Fig.  10b). 
Possibly  this  Incongruity  In  amplitude  of  the  respiratory  waves  with 
t^e  respiratory  movements  was  caused  by  the  fact  that  except  for 
changes  in  conditions  of  venous  blood  from  the  skull  during  respira¬ 
tion,  there  also  occur  active  changes  in  the  tone  of  the  intracranial 
vessels,  as  was  shown  in  the  work  of  K.  Sh  Nadareyshvlli  (1962). 
f.n  other  respects,  the  general  picture  of  change  in  the  amplitude  of 
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wavpo  iu  nil  typers  of  eaper  intent*  1  animal*  do**  not 
differ  from  the  phenomena  which  were  described  by  ua  earlier  In 
studying  the  peculiarities  of  intracranial  EPO  in  rats  (Moskalenko, 
et  al.,  19tj), 


< 


Pig.  10.  a,  b  —  Dynamics  of  the  level 
and  respiratory  waves  of  intracranial 
EPO  (1)  respiratory  movements  of  an  ani¬ 
mal  \2)  and  intracranial  pressure  (2) 
under  longitudinal  aruvilatlonal  loads. 
Index  of  Lime  —  i  sec 
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Substantial  changes  under  gravitational  loads  are  observed  In 
the  amplitude  of  pulse  waves.  Thus,  in  Fig.  9ft  it  1b  apparent  that 
within  10-15  sec  after  the  beginning  cf  th*  reaction*  the  amplitude 
of  pulse  waves  of  the  Intracranial  EPO  increases  by  5-8  timeB, 

Pulae  fluctuations  in  intracranial  pressure  also  increase. 

However,  a  complete  interrelationship  between  changes  In  ampli¬ 
tude  of  pulse  waves  of  the  intracranial  EPO  and  in  intracranial  pres¬ 
sure  is  not  observed. 

It  should  be  noted  that  we  were  not  able  to  register  any  kind 
of  dynamics  in  pulse  pressure  waves  In  the  lumbar  and  cervical 
regions  of  the  spinal  cord  in  either  cats  or  dogs,  in  as  much  as  th*» 
pulae  waves  on  the  curves  we  obtained  were  very  poorly  shown. 

Changes  in  amplitude  of  pulse  waves  of  the  intracranial  EPO 
and  of  Intracranial  pressure  during  longitudinal  gravitational  loads 
are  accompanied  by  substantial  changes  in  their  form  (Fig.  li). 

This  showed  up  especially  clearly  during  reactions  accompanying  the 
outflow  of  blood  from  the  head. 

Passing  from  the  most  general  concepts  about  the  effects  of 
changing  gravitational  fields  on  living  organisms,  one  can  conclude 
that  changes  in  circulatory  parameters  of  the  cerebral  cavity  c  in 
be  caused  by  several  reasons.  Passive  changes  in  blood  filling  of 
the  cerebral  cavity  and  in  intracranial  pressure  are  possibly  tne 
result  of  disproportionation  of  blofcd  in  the  organism.  Besides, 
under  the  influence  of  longitudinal  gravitational  loads  it  is  posslt1 
to  observe  the  disproportionation  between  the  liquid  phases  which  fill 
the  cerebral  and  spinal  cord  cavities  with  blood  and  spinal  fluid. 

Active  changes  can  occur  in  the  tone  of  the  cerebral  vascular 
system  which  are  reactions  of  the  intracranial  vessels  to  changes 


iii  b i ouJ  1’llilng  which  a re  caused  by  the  effect  of  a  longitudinal 
gravitational  load. 

For  the  characteristics  of  pab- 
alve  changes  in  the  circulation 
parameters  of  the  cerebral  cavity, 
we,  as  In  earlier  experiments,  elu¬ 
cidated  by  calculations  the  qualita¬ 
tive  functions  In  the  change  of 
their  level.  In  as  much  as  our 
earlier  calculations  furnished  an 
analysis  of  the  passive  change  In 
blood  filling  of  the  cerebral 
cavity,  in  the  present  work  we 
tried  to  elucidate  the  nature  of 
passive  change  in  the  level  of 
Intracranial  pressure  and  the  dy¬ 
namics  of  Its  periodic  components 
under  longitudinal  gravitational 
loads. 

(>)  In  norm  (A),  under  negative 

(13)  and  positive  (C)  longitudln-  In  calculating#  we  proceeded 

el  gravitational  load  of  1  d. 

1-  Index  of  time,  1  sec;  2-  re-  1'rom  the  model  which  reflects  the 
splratory  movements 

following  peculiarities  of  the 
intracranial  circulatory  system 
a.  Changes  in  blood  volume  In  the 
cerebral  cavity  result  from  dis¬ 
placement  of  cerebral  spinal  liquid 
In  tne  spinal  cord  cavity,  b.  Displacements  of  cerebral  spinal 
liquid  in  the  spinal  cord  cavity  occur  through  an  opening  of  limited 
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Fig.  11.  Pulse  and  respira¬ 
tory  waves  of  Intracranial  EPG 
(41  and  intracranial  pressure 
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size  as  characterized  by  parameter  A.  c.  The  arterial  and  venous 
systems  of  the  brain  posses  definite  coefficients  of  elasticity 
aa  and  where  upon  »  a&.  d.  The  spinal  cavity  in  which  occurs 
a  displacement  of  cerebral  spinal  liquid  during  an  increase  in  the 
volume  of  blood  in  the  cerebral  cavity  posses  some  elasticity  a  * 
e.  We  think  that  there  is  no  direct  connection  between  the  volumes 
filled  by  arterial  and  venous  blood. 

The  first  four  conditions  accepted  by  us  correspond  to  a  real 
picture  of  the  structure  of  the  vascular  system  of  the  brain, 
because  the  elasticity  of  the  cerebral  cavity,  the  counter  forward 
motions  of  the  cerebral  spinal  liquid  between  the  brain  and  spinal 
column  cavities,  and  the  elastic  properties  of  the  spinal  sac  were 
shown  in  the  classical  investigations  on  Intracranial  blood  circula¬ 
tion  (Becher,  1962;  Ewlg,  Lulies,  1924;  Hurthle,  1927;  Sepp,  1928; 
Bowsher,  1958  and  others). 

The  last  condition  (e)  leads  to  the  result  that  we  are  not 
viewing  capillaries  as  the  agent  of  interaction  between  arterial 
and  venous  volumes.  Such  a  simplification  of  the  model  is  Justi¬ 
fied  by  the  fact  that  the  rapidly  flowing  processes  which  we  are 
examining  in  the  cerebral  cavity  result  from  the  direct  interaction 
of  the  arterial  and  veivun  systems  of  the  brain,  bypassing  the 
capillary  canal  (Naumenko,  et  al„ ,  1962,  and  others).  It  should 
be  noted  that  the  model  which  we  accepted  is  a  simplified  scheme 
of  the  extremely  complex  architecture  of  the  vascular  system  of  the 
brain  which  makes  it  possible  to  analyze  qualitatively  only  the 
separate  sides  of  the  rapid, passive  mechanical  changes  in  circula¬ 
tion  parameters  of  the  intracranial  cavity. 

On  the  b&Bis  of  the  conditions  listed  above,  &  system  of 


differential  equations  was  composed,  the  solution  of  which*  with 
respect  to  the  amount  of  change  in  intracranial  pressure  Apinc* 
takes  the  form; 


t 

*  • «  [/(° 

*»  L  —on  J 


;  (*«  —  B  -1-  - 


(1) 


where  f(t)  is  a  function  depending  upon  changes  during  pressures 
in  the  arterial  Ap  (t)  and  venous  Ap,  (t)  systems, 
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Considering  that  a  change  in  blood  pressure  during  longitudinal 
gravitational  loads  occurs  Jump-like  or 
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Equation  (2)  shows  that  during  sharp  changes  in  a  longitudinal 
gravitational  load,  intracranial  pressure  must  change  quickly*  but 
after  this  the  level  of  intracranial  pressure  is  gradually  partially 
re-established.  A  similar  picture  of  the  change  in  intracranial 
pressure  was  observed  in  an  experiment;  in  all  of  the  trials,  the 
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itracranial  pressure,  in  distinction  from  Intracranial  F.PO,  changed 
fry  sharply  but  then  somewhat  returned  to  normal.  Consequently, 
le  can  conclude  that  during  longitudinal  gravitational  loads,  the 
pnamica  of  the  level  of  cerebral  spinal  liquid  pressure  reflects 
passively  mechanical  side  of  intracranial  hemo-dynamics.  Com¬ 
iring  equations  (})  with  the  results  of  computations  which  we  did 
trlier  shows  that  there  Is  no  parallel  between  changes  in  blood 
.lling  of  the  cerebral  cavity  and  changes  in  intracranial  pressure 
irlng  rapidly  evolving  processes.  These  two  processes  are  con- 
;cted  with  the  complicated  dependence  which,  during  Jump-like 
xanges  in  blood  pressure  changes  into  a  ratio  of  the  two  exponents. 

;  is  interesting  to  note  that  the  assumption  of  the  presence  of  a 
Lmilar  connection  based  on  experimental  data  was  advanced  by 
ibrazzlni, (19^0)  and  Ryder,  et  al.,  (1950). 

Having  assumed  in  equation  (l)  that  a  change  In  Ap  occurs  by 
periodic  law,  it  is  possible  to  trace  the  relationship  between 
le  form  of  arterial  pressure  pulse  wave  and  the  form  of  tntra- 
'anial  pressure  wave  which  it  causes. 

Assuming  that 

Ap.  !  •(..)• 

ft 

xere  Cn,  o>n  and  are  respectively  the  amplitude,  frequency  and 
xase  of  the  M-th  harmonic  of  the  pdlBe  wave. 

Equation  (i)  in  this  instance  assumes  the  form: 

COS  («>•»<  :  VA  ( ^ ) 

n 

From  this  It  is  apparent  that  the  transformation  of  pulse 
Luctuatlons  in  arterial  pressure  to  pulse  fluctuations  in  cerebral 


spinal  liquid  pressure  is  acoompanied  by  the  appearance  of  an  ad¬ 
ditional  phase  shift  for  each  primary  harmonic.  This  leads  to 
distortion  of  the  Initial  form  of  pulse  fluctuations. 

The  fact  that  the  form  of  the  pulse  wave  of  Intracranial  pres¬ 
sure  is  significantly  more  complex  than  the  arterial  pulse  has  long 
been  known.  The  complexity  of  the  Intracranial  pulsation  form  can 
also  been  seen  in  the  curves  of  Fig.  11.  So  this  consequence  of 
Eq,  (*t)  has  factual  foundation.  However,  It  should  be  noted  that 
some  authors  (Bee her,  1922;  Hurthle,  1924;  Bering,  1955  and  others) 
have  explained  such  a  complication  in  the  form  of  pulse  fluctuations 
of  intracranial  pressure  by  Interference  of  the  cranial  pulse  wave 
with  a  wave  reflected  from  the  caudal  part  of  the  spinal  cord.  We 
shall  not  bring  into  the  discussion  the  relative  acceptability  of 
such  a  point  of  view;  we  shall  only  note  that  these  assumptions  were 
expressed,  in  our  view,  without  sufficient  factual  basis  or  any  kind 
of  computations  which  would  confirm  them.  The  data  which  we  have 
obtained  showing  an  Insignificant  quantity  of  pulse  waves  In  the 
lumbar  region  of  the  spinal  cord  also  fan  to  support  this  assump¬ 
tion. 

In  as  much  as  £q.  (l)  la  linear  with  respect  to  Ap&  and  Ap^, 
then  it  Is  possible  to  view  the  reaction  of  Intracranial  pressure 
to  a  complex  reaction  (occurring  simultaneously  are  periodic  changes 
in  blood  pressure  —  pulse  waves  —  and  a  Jump -like  change  In  pressure 
—  a  reaction  to  a  longitudinal  gravitational  load)  Ap^n(J  as  the  sum 
of  the  separate  components  of  the  reaction.  It  follows  from  this 
that  under  various  conditions  of  blood  pressure,  changes  in  the  ampli¬ 
tude  and  form  of  the  pulse  wave  of  Intracranial  pressure  will  not  be 
observed.  And  actually,  as  is  apparent  in  Fig.  11,  the  form  of  pulse 
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ave  of  intracranial  pressure  under  loads  causing  an  influx  of  blood 
o  the  head  does  not  change. 

However,  from  this  same  figure  it  is  apparent  that  under  a  load 
auslng  outflow  of  blood  from  the  head,  the  form  of  pulse  waves  of 
r.tracranial  pressure  changes  substantially.  On  the  basis  of  data 
n  the  dynamics  of  intracranial  EPQ  level  which  show  that  the  tone 
f  brain  vessels  decreases  in  this  case,  one  can  conclude  that  a 
hange  in  the  elastic  properties  of  the  brain  vessels  leads  to 
hanges  in  the  form  of  pulse  waves  of  intracranial  pressure. 

This  finds  confirmation  in  formula  (4).  Additional  phase  shift 
depends  upon  the  characteristics  of  vessel  elasticity  30  that 
uring  an  increase  in  arterial  elasticity  (a  increasing),  the  phase 
hift  decreases.  Thin,  a  distortion  of  the  pulse  wave  according  to 
he  form  in  pulse  fluctuations  of  intracranial  pressure  decreases, 
onsequently,  the  form  of  pulse  waves  of  intracranial  pressure 
hanges  but  pulsation  amplitude  increases.  In  Pig.  11  it  is  apparent 
hat  pulse  waves  of  intracranial  pressure  undergo  Just  such  changes 
uring  gravitational  loads  causing  the  outflow  of  blood  from  the 
ead. 

By  similar  considerations,  assuming  that  under  gravitational 
oads  conditions  of  the  outflow  of  cerebral  spinal  liquid  into  the 
pinal  cavity  are  changing,  it  1b  possible  to  show  that  during  a 
OBitive  load  the  respiratory  waves 'of  intracranial  pressure  must 
ncrease,  and  during  a  negative  load  they  must  decrease,  This  as- 
umption  also  corresponds  with  experimental  data. 

Based  upon  computations  which  show  passive  changes  in  intracrani- 
1  pressure  during  longitudinal  gravitational  loads,  it  is  possible 
o  make  the  following  conclusions: 
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1.  The  general  form  of  changes  In  level  of  Intracranial  pres¬ 
sure  and  amplitude  of  respiratory  waves  (arising  at  once  after  the 
beginning  of  the  reaction  and  remaining  thus  until  Its  end)  reflects 
the  pecularitlea  of  the  cerebral  cavity  structure  and  Is  not  connected 
with  any  kind  of  phenomena  of  active  physiological  reactions  of  the 
brain  vessels. 

2.  Changes  in  form  and  amplitude  of  pulse  fluctuations  of 
Intracranial  pressure  testify  to  the  change  In  tone  of  the  Intracrani¬ 
al  vessels.  A  change  In  the  amplitude  of  respiratory  waves  during 
the  course  of  the  action  several  seconds  after  its  inception  also 
Indicates  active  physiological  reactions. 

3.  Compiling  the  results  of  the  above  computations  with  com¬ 
putations  which  we  did  earlier  (Moskalenko,  et  al.,  1963 )  and  with 
experimental  results,  it  Is  possible  to  conclude  that  the  passive 
mechanical  factor  plays  a  substantial  role  In  the  dynamics  of  cir¬ 
culation  parameters  of  the  vascular  system  of  the  brain,  but  a  num¬ 
ber  of  peculiarities  In  these  dynamics  testifies  to  the  active  re¬ 
actions  of  the  vascular  system  of  the  brain. 

The  dynamics  of  the  level  of  intracranial  pressure  and  especially 
intracranial  EPQ  during  longitudinal  gravitational  loads  observed  In 
the  experiment  indicate  the  existence  of  active  physiological  reactions 
of  the  brain  vessels  which,  as  was  shown  by  us  earlier  (Moskalenko, 
et  al.,  1963  X  ap€  specific  for  the  system  of  intracranial  blood  cir¬ 
culation.  Proceeding  from  current  concepts  of  the  mechanisms  of  brain 
blood  circulation  regulation  (Blinova,  Marshak,  1963;  Klosovskiy, 

196^;  Mchedllshvlll,  196,3;  Lassen,  1953;  Sokoloff  and  Kety,  i960; 
Shenkln,  1961,  and  others),  one  can  conclude  that  during  dispropor¬ 
tionation  of  blood  In  the  organism  under  the  Influence  of  gravitational 
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forces,  active  reactions  in  the  system  of  intracranial  circulation 
can  be  caused  by  several  reasons.  From  then  it  is  possible  to  ex¬ 
tract  the  direct  influence  of  changes  in  arterial  pressure  upon  the 
tone  of  intraoranlal  vessels  (so-called  meohanloal  regulation,  or 
autoregulation),  the  influence  of  change  in  the  gas  medium  of  the 
brain  —  oxygen  deficit  and  accumulation  of  carbon  dioxide  (chemical 
regulation)  and  nervous  reflex  reactions  of  the  brain  vessels 
resulting  from  stimulation  of  the  different  receptor  zones  during 
action  on  the  organism  of  longitudinal  gravitational  loads  (nervous 
regulation).  Unfortunately,  we  still  do  not  have  at  our  disposal 
sufficient  facts  for  analyzing  the  role  of  each  of  these  regulatory 
mechanisms  of  intracranial  blood  circulation  and  to  trace  the  rela¬ 
tionship  between  them.  Therefore,  we  shall  present  below  separate 
concepts  with  respect  to  the  possible  role  of  the  first  two  of  these 
mechanisms. 

The  dependence  of  brain  vessel 
tone  upon  changes  in  arterial  pres¬ 
sure  is  determined  by  the  fact  that 
the  smooth  muscles  of  the  vessel 
walls  react  to  an  increase  in  intra¬ 
cranial  pressure  by  constricting 
(Folkow,  1953;  Levy,  1958;  Zurav, 
Kafmer,  1959,  and  others).  This 
phenomena  also  assures  autoregula- 
tlon  of  intracranial  blood  circula¬ 
tion  during  changes  in  general 
arterial  pressure.  To  elucidate 
the  possible  role  of  autoregulation 


Fig.  12.  Changes  in  intra¬ 
cranial  EPG  (l),  Intracranial 
(2)  and  arterial  (})  pressures 
under  a  longitudinal  gravita¬ 
tional  load  of  0.8  g. 
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>*f‘  4  itM'AMft’ftiil*}  uireulabltnt  during  longitudinal  *<*<ivi  tatlenal  leads, 
we  regulated  in  several  experiments  changes  in  general  orteria*  pres¬ 
sure  (Pig.  12)  simultaneously  with  intracranial  KPQ.  in  the  majority 
of  cases  we  found  that  the  general  arterial  pressure  changes  not  more 
than  by  5-8 ;jfc.  The  quantities  which  we  obtained  agree  with  the  data 
of  Llndberg,  et  al,  (I960)  with  respect  to  changes  in  aortic  pres¬ 
sure  longitudinal  loads. 

However,  it  is  possible  to  consider  that  the  amounts  of  change 
In  arterial  pressure  can  be  more  significant  in  some  cases  as  a 
result  of  changes  in  heart  activity  which  occur  during  longitudinal 
loads.  Thus,  for  example,  in  separate  trials  at  loads  of  nearly  1  g 
causing  the  outflow  of  blood  from  the  head,  we  observed  the  emergence 
of  an  alternating  rhythm  of  heart  contractions.  Changes  in  heart 
activity  during  longitudinal  loads  of  nearly  i  g  as  a  result  of  a 
chafige  in  the  tone  of  the  sympathetic  region  were  noticed  in  the 
Investigations  of  Lamb  and  Homan  (190I). 

One  can  assume  from  this  that  some  normalization  in  the  level 
of  intracranial  EPQ  observed  in  many  experiments  for  several  seconds 
after  the  beginning  of  the  action,  occurs  due  to  autoregulation  of 
the  tone  of  brain  vessels  resulting  from  changes  in  general  arterial 
pressure . 

However,  the  fluctuations  in  arterial  pressure  observed  In  the 
majority  of  experiments  were  all  small.  Therefore,  to  confirm  this 
assumption  it  is  necessary  to  obtain  additional  information  on  the 
threshold  of  brain  vessel  sensitivity  to  changes  in  arterial  pressure. 

In  all  probability,  one  of  the  phenomena  of  autoregulation  of 
brain  vessels  Is  also  the  short  duration  spasms  of  bx’Ulu  vessels 
during  the  Inflow  of  blood  to  the  head.  However,  the  fact  Is 
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significant  that  in  this  case  the  curve  for  the  change  in  intracrani¬ 
al  BFG  level  by  appearance  rewinds  one  of  the  function  which  is  de¬ 
rived  from  the  curve  for  change  in  intracranial  pressure,  in  spite 
of  the  fact  that  this  Indicates  the  passive  mochani cai  nature  of 
such  spasms,  it  is  nevertheless  possible  to  assume  that  they  have 
some  physiological  activity,  since  on  the  one  hand,  it  is  dif¬ 

ficult  to  imagine  a  mechanical  model  or  such  a  phenomenon*,  and  on 
the  other  hand  there  is  data  (Blinova,  Marshak,  1965)  nhownlng  that 
there  exists  a  dependence  between  changes  in  tone  of  the  vascular 
wall  and  the  sharpness  in  growth  of  intravascular  pressure.  Nenides, 
we  noticed  in  a  number  of  experiments  that  these  spasms  are  accompanied 
by  a  significant  Increase  in  pulse  fluctuations  of  intracranial  pres¬ 
sure  which  also  indicates  the  active  nature  of  this  phenomenon. 

Thus,  changes  in  arterial  pressure  as  a  mechanism  of  autoreguia- 
tlon  of  the  tone  of  the  intracranial  vessels  is  one  of  the  reasons 
for  active  physiological  reactions  in  the  vascular  system  of  the 
brain  during  longitudinal  gravitational  loads. 

Along  with  changes  in  general  arterial  pressure  under  longitudin¬ 
al  gravitational  loads,  significant  changes  are  observed  in  the  per¬ 
fusion  pressure  of  blood  In  the  brain,  since  .the  diaproportion-ation 
of  the  blood  in  the  organism  causes  substantial  changes  in  venous 
pressure  (Henry,  et  al,  1951,  and  others).  Changes  in  blood  filling 
of  the  venous  part  of  the  vascular  ’system  of  the  brain  could  be  the 
reason  for  the  destruction  of  Its  blood  supply  and  could  cause  a 
defflclency  in  oxygen  tension  and  an  accumulation  of  COa  which  would 
cause  active  changes  in  the  tone  of  the  intracranial  vessels,  because 
the  vasodiJatlve  action  of  CO2  is  well  known. 

To  elucidate  the  role  of  this  factor  in  the  active  changes  which 
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wu  observed  In  blood  filling  of  the  cerebral  cuvity  during  longi¬ 
tudinal  gravitational  loads,  we  simultaneously  with  the  Intracranial 
EFQ  and  Intracranial  pressure ,  recorded  in  several  experiments  the 
dynamics  of  oxygen  tension  In  the  fibers  of  the  brain.  A3  a  rule, 

In  the  beginning  and  sometimes  at  the  end  of  the  action,  oxygen 
tension  lit  the  brain  fibers  decreases  somewhat,  but  after  *t-8  sec 
it  returns  to  the  original  level  (Fig.  12).  In  some  experiments, 

f 

oxygen  tension  in  the  brain  tissues  remains  somewhat  decreased  dur¬ 
ing  the  whole  experiment. 

Obviously,  during  short-term 
longitudinal  gravitational  loads 
we  scarcely  observed  the  active 
reactions  of  the  brain  vessels 
which  are  caused  by  changes  in  ten¬ 
sion  of  gases  in  the  brain  tissues, 
because  these  reactions  arise,  as 
a  rule,  after  the  level  of  oxygen 
tension  in  the  brain  tissue  returns 
to  normal.  However,  during  more 

Fig.  1 p.  Dynamics  of  Intra¬ 
cranial  EPQ  (l).  Intracranial  prolonged  actions  at  a  magnitude  of 
pressure  (2)  and  oxygen  ten¬ 
sion  (j>)  under  a  longitudinal  nearly  1  g,  for  15-20  sec  after 
gravitational  load;  4-  respi¬ 
ratory  movements  their  beginning  In  some  experiments, 

there  suddenly  begins  a  significant 

(sometimes  In  the  form  of  several 

waves)  increase  in  blood  filling  of 

the  cerebral  cavity.  As  a  rule, 

this  Increase  in  blood  filling  ol'  the  cerebral  cavity  la  accompanied 
by  a  sharp  intensification  of  pulse  and  respiratory  waves  in  the 
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intracranial  EPO. 

These  facts  are  difficult  to  explain  by  appearances  of  auto¬ 
regulation  of  the  brain  vessels,  all  the  more  so  because  the  polaro- 
gram  registered  in  several  of  such  experiments  shows  changes  in  the 
level  of  oxygen  tension  within  the  brain  tissues  which  are  in  the 
opposite  phase  to  blood  filling  fluctuations.  Most  likely,  with  an 
increase  in  the  duration  of  the  action  there  occurs  an  accumulation 
of  COa  in  the  brain  tissue  which  eauBea  the  switching  In  of  a  new 
regulating  mechanism. 

Thus,  the  data  which  we  obtained  leads  us  to  believe  that 
active  physiological  reactions  in  the  intracranial  vessels  during 
longitudinal  gravitational  loads  are  caused,  first  of  all,  by  the 
reaction  of  the  vascular  system  of  the  brain  to  changes  in  intra¬ 
vascular  pressure  which  arise  iraoedlately  after  the  beginning  of 
the  action,  and  after  a  certain  time,  If  the  blood  supply  to  the 
brain  is  lower  than  the  necessary  level  phenomena  are  observed  which 
indfeate  the  switching  in  of  a  chemical  mechanism  which  regulates 
intracranial  blood  circulation. 

Conclusions 

1.  During  longitudinal  gravitational  loads  there  are  observed 
substantial  changes  in  the  circulation  parameters  of  the  intracranl- 
al  cavity  which  are  caused  by  phenomena  of  a  passive  mechanical 
nature  and  by  active  changes  in  the  tone  of  the  intracranial  vessels. 

2.  The  threshold  of  sensitivity  of  the  vascular  system  of  the 
brain  to  longitudinal  gravitational  loads  lies  within  the  limits  of 
0.2  to  0.5  g»  the  magnitude  of  which  depends  upon  the  peculiarities 
of  the  ecology  and  conditioning  of  the  animals  under  experiment, 


aM  in  ail  prubabi lity#  upon  the  development  vV  the  central 

nervoua  ayatem. 

>.  The  data  obtained  show  that  under  longitudinal  gravitation¬ 
al  loads,  organa  of  the  central  nervoua  ayatem  fu  jtion  under  con- 
ditlona  of  insufficient  blood  supply  which  cause,  definite  compensi- 
tory  reactions  on  the  part  of  the  vascular  ayatem  of  the  brain, 

reactions  of  an  automechanical  and  chemical  nature. 

«* 
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EMOTIONAL  STRESS  OP  COSMONAUTS  DURING  SPACE  FLIGHTS 

V.  I.  Yazdovskiy,  0.  V.  Altukhov,  V.  Ye.  Belay, 

A.  D.  Yegorov  and  V.  I.  Kopanev 

As  a  result  of  the  flights  of  Gagarin,  Titov,  Nikolaev  and 
Popovich  Soviet  scientists  received  voluminous  valuable  scientific 
data  on  the  effect  of  a  complex  of  space  factors  on  the  human  organ¬ 
ism.  A  careful  analysis  of  the  material  obtained  will  enable  fur¬ 
ther  development  of  the  methods  of  selecting  and  preparing  cosmonauts 
for  new  flights. 

This  work  analyzes  the  neuropsychological  stress  which  arises  In 
cosmonauts  before  launch,  in  different  flight  periods,  and  also  un¬ 
der  the  effect  of  acceleration  on  earth. 

As  a  test  to  determine  the  functional  Btate  of  the  organism  we 
measured  the  pulse  rate.  As  1b  known,  the  frequency  of  heart  con¬ 
tractions  is  an  integral  index  which  characterizes  the  reaction  of 
the  organism  to  the  effect  of  various  factors  including  those  en¬ 
countered  in  space  flight. 

Thus,  for  example,  when  an  organism  is  subjected  to  acceleration 
of  a  different  direction,  substantial  changes  of  pulse  rate  are 
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observed,  The  degree  ot  these  changes  depends  directly  on  ,he  magni- 
tude  and  length  ol'  acceleration  (Babushkin  et  al . ,  19 &2j  Ki  ovukaya 
et  al.,  1962). 

An  Increase  in  pulse  rate  caused  by  emotional  stress  can  be 
observed  in  parashutlng  and  also  before  catapulting  (Reznlkov  and 
Grayfer,  19.57;  Povalyaev,  1939;  Lukin,  1952;  Gozulov,  1955;  and 
others ) . 

Consequently,  in  our  opinion,  a  comparison  of  the  pulse  rate 
change  in  cosmonauts  recorded  during  different  periods  of  flight  and 
under  earth  conditions  reflects  the  character  of  the  organism's  re¬ 
action  to  the  effect  of  space  flight  factors. 

As  is  known.  Just  before  the  spaceships  were  launched  an  Increased 
heart  contraction  rate  was  observed  in  the  cosmonauts.  Table  1  Intro¬ 
duces  data  on  the  changes  in  pulse  rate  8  days  (P-0)#  ^  hr(P-i)  and 
5  min  (P-2)  before  launch.  It  is  evident  that  the  pulse  rate  increase 
was  expressed  most  by  Popovich  and  least  by  Titov.  In  the  period 
Immediately  before  launch  the  former's  pulse  rate  had  increased 
101 ,{%  compared  with  what  it  was  8  days  before  launch,  and  the  lat¬ 
ter's,  55#. 

Such  differences  in  prelaunch  pulse  rate  increase  may  be  connected 
to  the  dissimilar  character  of  flying  assignments,  a  difference  in 
training  of  the  cosmonauts  and  the  pecularities  of  their  characters 
and  ether  factors. 

The  significant  Increase  in  Gagarin's  pulse  rate  in  the  prelaunch 
period  (by  63.7$  compared  with  the  P-0  data)  should  be  explained  by 
emotional  stress  connected  to  the  singularity  and  responsibility  of 
his  task,  the  first  attempt  by  a  man  to  penetrate  cosmic  space. 


TABLE  1 


Changes  In  pulse  rate  (PR)  4  hr  (P-i) 
and  immediately  before  launch  (P-2) 
compared  with  the  results  observed  8 
days  before  the  flight  experiments  (P-O) 
(average  data) 
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In  the  prelaunch  period  Titov's  pulse  rate  Increase  was  leso 
than  Oagarln's,  which  was  evidently  caused  by  a  decrease  in  emotion¬ 
al  stress.  The  fact  is  that  the  first  flight  proved  the  possibility 
of  a  man  staying  in  space,  the  safety  of  the  ship  construction,  that 
space  flight  factors  could  be  endured  etc. 

It  would  seem  that  in  the  group  flight  of  Nikolaev  and  Popovich 
there  should  have  been  a  further  decrease  of  emotional  stress;  how¬ 
ever  the  data  on  pulse  rate  changes  testify  to  the  contrary.  This 
evidently  can  be  explained  by  the  greater  complexity  of  the  group 
flight  compared  with  the  experiments  conducted  by  Gagarin  and  Titov 
(lengthening  and  complicating  the  flight  program  etc.).  Also,  in 
the  prelaunch  period  Popovich's  greater  Increase  of  pulse  rate  (com¬ 
pared  with  the  oth^r  cosmonauts)  had  Individual  characteristics* 
easy  excitability,  an  expressed  lability  from  the  side  of  the  auto¬ 
nomic  functions,  etc. 

We  should  consider  the  relatively  low  level  of  Popovich's  pulse 
rate  in  the  initial  state.  As  is  known,  during  the  prelaunch  period 
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and  acceleration  the  pulae  rate  inoreaae  la  mure  significantly  ex¬ 
pressed  in  persons  with  &  tendency  towards  bradycardia  than  In  those 
with  tachycardia  (Perlina,  1957;  Roaenblat,  1962;  and  others).  Evi¬ 
dently,  this  also  partially  explains  the  more  significant  Increase 
in  Popovich's  pulae  rate. 

A  comparison  of  the  level  of  emotional  stress  observed  before 
the  real  space  flight  and  before  the  corresponding  teBts  on  earth, 
rotation  on  the  centrifuge,  shows  than  in  the  latter  case  the  stress 
was  considerably  lower.  The  differences  in  the  pulse  rate  measure¬ 
ments  affirms  this.  Thus,  Just  before  the  effect  of  acceleration 
on  the  centrifuge  the  pulse  rate  of  most  of  the  cosmonauts  did  not 
exceed  90  beats  a  minute.  The  increase  in  the  heart  contraction 
rate  occurred  in  the  final  seconds  before  rotation.  Differences  in 
the  level  of  emotional  stress  are  explained  by  significant  differ¬ 
ences  In  the  character  and  responsibility  of  the  experiments  on 
earth  and  In  flight. 

The  greatest  Increase  In  the  heart  contraction  rate  compared 
with  that  of  the  prelaunch  period  was  observed  in  the  period  when 
the  ship  was  put  into  orbit  (Table  2). 


TABLE  2 

Pulse  rate  (PR)  of  the  cosmonauts' during  launching  Into  orbit 
(period  A)  compared  with  the  P-0  and  P-2  periods  (average  data) 
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Note:  P-0  la  the  data  obtained  8  days  before  the  flight,  P-2 

was  obtained  directly  before  the  launch  at  the  min  ready- 
ness. 


Comparing  the  pulBe  rate  during  the  active  portion  and  in  the 
prelaunch  period  (P-2)  allows  us  to  explain  its  Increase  mainly  due 
to  the  efTect  of  acceleration,  since  the  level  of  neuro-emotlonal 
stress  in  these  periods  was  sufficiently  high.  Under  the  effect  of 
acceleration  the  pulse  rate  increase  in  all  the  cosmonauts  averaged 
3-10  beats  a  minute  (3. 0-9.0#)  compared  with  the  initial  state  (P-2), 
the  largest  increase  being  expressed  in  Gagarin  (9#)  and  the  least 
in  Popovich  (only  3#). 

The  heart  contraction  rate  increase  during  the  active  portion  of 
the  flight  was  mainly  determined  by  emotional  stress  as  is  evident 
from  comparing  the  pulse  rate  in  this  period  and  eight  days  before 
launch.  Thus,  for  instance,  Oagarln’e  pulse  rate  during  the  active 
portion  on  the  average  increased  88.0#  compared  with  the  P-0  period 
and  only  9#  compared  with  the  P-2  period.  Evidently,  the  pulse  rate 
Increase  when  the  ship  was  being  put  into  orbit  was  basically  caused 
by  emotional  stress.  About  the  same  data  appear  when  other  flight 
experiments  are  analyzed.  Just  as  in  the  prelaunch  period,  emotional 
stress  was  most  strongly  expressed  in  Popovich  and  least  strongly  in 
Titov.  The  causes  were  evidently  the  Bame  as  when  the  prelaunch 
results  were  analyzed. 

In  spite  of  the  significant  pulse  rate  increase  in  the  cosmonauts 
during  the  active  portion  of  the  flight,  it  must  be  mentioned  that 
none  of  them  had  a  pulse  rate  hlghet*  than  i60  beats  per  minute.  In 
the  literature  there  is  evidence  that  the  upper  critical  limit  of 
the  pulse  is  180  +  10-20  beats  a  minute.  If  we  note  the  good  physi¬ 
cal  preparation  of  the  cosmonauts  (and  for  athletes  the  pulse  rate 
limit  must  be  raised),  then  the  pulse  rate  shifts  during  the  active 
portion  of  the  flight  are  very  far  from  the  critical  value.  This 
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agrees  with  the  data  evaluating  their  activity.  The  uusmonau:  >  took 
observations,  maintained  radio  communications  with  earth  stations 
and  their  state  of  health  was  good.  They  noticed  a  certain  diffi¬ 
culty  in  breathing,  a  squeezing  of  the  cheat  cage  during  accelera¬ 
tion  and  a  difficulty  in  performing  motor  acta. 

During  orbital  flight,  the  length  of  which  was  different  for 
each  flight  experiment,  the  pulse  rate  gradually  approached  the  ini- 
tial  level,  the  pulse  rate  recorded  eight  days  before  launch.  The 
rate  of  normalization  was  different;  for  Popovich  the  initial  pulse 
rate  was  attained  in  the  l^th  orbit,  for  Nikolaev  In  the  l}th  orbit. 
Throughout  the  flight  Titov's  pulse  did  not  normalize,  evidently  due 
to  the  appearance  of  cosmic  motion  sickness  (Komendantov,  Kopanev, 
1962},  and  also  because  the  level  of  emotional  stress  began  to  In¬ 
crease  significantly  during  the  second  half  of  the  day  because  the 
wore  responsible  portion  of  the  flight,  the  period  of  returning  to 
earth,  was  approaching.  For  a  fully  understandable  reason,  the 
shortness  of  the  flight,  Oagarin'a  pulse  was  higher  than  the  initial 
data  for  the  whole  flight. 

The  data  about  pulse  rate  normalization  in  the  cosmonauts  agx’ees 
with  the  results  observed  in  animals  when  they  were  launched  Into 
space.  Under  weightless  conditions  the  pulse  rate  in  animals,  hav¬ 
ing  been  Increased  by  the  effect  of  acceleration,  returned  to  the 
Initial  level  about  three  times  slower  than  it  did  on  earth  (Chernov 
and  Yakovlev,  195&;  and  others).  This  is  evidently  caused  by  a 
change  In  the  regulation  of  the  cardiovascular  system  under  weight¬ 
lessness. 

During  the  ship's  descent  a  number  of  unfavorable  factors  acted 
on  the  cosmonauts:  noise,  vibration,  acceleration  etc.,  the 
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t  determining  effect  on  the  organism  was  evidently  that  of  accelera- 

i 

tion,  the  magnitude  of  which  was  about  Identical  during  all  the 

j 

I  flight  experiments. 

Material  concerning  pulse  rats  change  during  descent  is  given 
in  Table  5.  These  data  differ  somewhat  from  the  results  obtained 
when  the  ships  were  put  into  orbit.  Thus,  the  emotional  stress  was 
considerably  less  during  descent;  the  difference  in  the  pulse  rate 
change  affirm  this.  During  launching  into  orbit,  due  to  emotional 
stress  the  pulse  rate  increased  by  57-10^,  during  descent  it  in¬ 
creased  by  only  21-62#. 


TABLE  3 

Pulse  rate  (PR)  in  cosmonauts  during  descent  (period  b)  to 
earth  (from  the  moment  of  firing  the  breaking  rockets  to 
catapulting)  compared  with  the  pulse  rate  in  the  penultimate 
orbit  (period  c)  and  In  the  last  minutes  of  weightlessness 
(period  N-K)  (average  data) 


During  descent  acceleration  exefted  a  more  significant  effect 
directly  on  the  cardiovascular  system  than  during  launching  into 
orbit.  During  descent  the  pulse  rate  increased  on  the  average  by 
2-72#  with  respect  to  the  N-K  period,  while  during  launching  the 
increase  was  only  by  2-9#.  In  our  opinion  the  similar  directivity 
of  pulse  rate  cnanges  during  descent  is  explained  by  the  large 
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magnitudes  or  acceleration  and  chiefly  because  before  the  effect  of 
this  factor,  the  cosmonauts  Mere  Meightless  for  an  extended  period, 
which  substantially  decreased  their  resistance  to  weightlessness. 

During  an  analysis  of  the  results  obtained  from  the  flights  of 
Titov,  Popovich  and  Nikolaev,  we  noted  a  certain  dependence  of  pulse 
rate  change  under  the  effect  of  acceleration  on  the  length  of  the 
stay  under  weightlessness  (Table  2).  The  shorter  the  time  of  orbit- 

f 

al  flight,  the  Icsb  the  heart  contraction  rate  increased  and  con- 
vereaely.  Titov* s  pulse  rate  increase  during  descent  averaged  2% 
compared  with  the  N-K  period.  Nikolaev  and  Popovich,  who  were  under 
welghtleasnesa  4  and  times  longer,  had  increases  of  and  J2% 
respectively. 

The  more  expressed  heart  contraction  rate  of  Popovich  compared 
with  Nikolaev's  evidently  can  again  be  explained  by  individual  prop¬ 
erties  of  regulation  of  the  autonomic  functions,  a  tendency  towards 
bradycardia,  and  consequently  a  more  significant  pulse  rate  increase 
during  the  effect  of  flight  factors  as  indicated  below. 

During  descent  the  cosmonauts  took  observations  and  maintained 
x'adlo  communications.  According  to  the  words  of  the  cosmonauts, 
they  withstood  the  acceleration  satisfactorily,  although  the  diffi¬ 
culty  in  breathing  was  expressed  to  a  greater  degree  than  during 
launching. 

In  the  training  on  earth,  together  with  a  moderate  pulse  rate 
increase  the  cosmonauts' a  state  of  health,  as  a  rule,  was  good  and 
their  emotional  stress  was  expressed  to  a  lesser  degree  than  in  the 
flight  experiments.  During  space  flight  the  level  of  emotional 
stress  depends  very  much  on  the  tasks  of  the  flight  experiments, 
on  personality  characteristics  and  to  a  significant  degree  It 
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determines  the  direction  of  the  physiological  reaction.  Therefore, 
when  the  cosmonauts  are  in  orbit  we  must  devote  particular  atten¬ 
tion  to  determining  emotional  stability  and  the  typological  proper¬ 
ties  of  higher  nervous  aotivity,  sinoe,  all  things  considered,  the 
force  of  the  excitation  and  inhibition  processes  and  their  inter¬ 
relationship  are  the  basis  of  the  different  physiologlca)  changes 
in  the  prelaunch  period. 

An  analysis  of  the  physiological  shifts  during  launching  and 
descent  allows  us  to  conclude  that  in  the  first  case,  the  pulse  rate 
Increase  was  caused  mainly  by  emotional  stress,  while  during  descent, 
by  the  effect  of  acceleration.  An  extended  stay  under  weight lessneBB 
by  the  cosmonauts  before  descent  is  Important  here;  due  to  this  their 
resistance  to  acceleration  is  somewhat  decreased.  While  we  did  not 
record  a  noticeable  decrease  in  work  capacity,  the  pulBe  rate  did  in¬ 
crease.  Possibly,  a  longer  stay  under  weightlessness  might  cause 
more  serious  changes.  Therefore,  we  must  devote  particular  attention 
to  investigations  of  the  effect  of  extended  weightlessness  on  the 
adaptation  properties  of  the  human  organism. 

CONCLUSIONS 

1.  The  level  of  emotional  stress  observed  in  cosmonauts  during 
apace  flight  depends  on  the  complexity  of  the  flight  experiments 
and  the  training  and  personality  characteristics  of  the  cosmonauts. 

2.  When  the  cosmonauts  were  under  weightlessness  for  an  ex¬ 
tended  period  (}-4  days),  we  observed  a  certain  decrease  in  their 
resistance  to  acceleration  which  was  expressed  in  more  significant 
shifts  of  the  pulse  rate*  A  certain  dependence  of  these  shifts  on 
the  time  under  weightlessness  was  noted. 
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A  SYMPOSIUM  ON  APPLIED  MICROBIOLOGY  (IN  STOCKHOLM,  SWEDEN) 


Ye.  N.  Mishuetin  and  N.  D.  Ieruealimskiy 

This  symposium  on  applied  microbiology  nsb  established  by  a 
decision  of  the  VIII  International  Congress  of  Microbiologists  at 
Montreal  from  July  29  to  August  3»  1962.  Taking  part  in  the  sym¬ 
posium  were  the  International  Association  of  Microbiologists, 
UNESCO,  the  Swedish  Academy  of  Sciences  and  other  organizations. 

The  aim  of  the  symposium  was  to  discuss  the  moat  effective 
directions  of  investigation  in  applied  microbiology  connected  with 
satisfying  the  material  needs  of  mankind  and,  in  particular,  those 
of  the  population  of  economically  underdeveloped  countries.  Both 
official  documents  and  the  papers  submitted  to  the  first  plenary 
assemblies  concerned  this.  Nevertheless,  there  was  a  definite 
break  between  setting  up  the  organisations  of  the  symposium  and 
maintaining  the  work  of  a  number  of  its  members.  At  times  the  sci¬ 
entific  reports  were  random  in  character  and  did  not  agree  with  the 
basic  task  of  the  symposium.  While  there  were  enough  general  re¬ 
ports,  there  were  few  concrete  ones  on  the  problems  of  help  to 
economically  lagging  countries. 

There  were  representatives  from  35  countries  among  the 


participants*  7*  from  Sweden,  *2  from  the  USA,  2fi  from  Ingland, 

20  from  the  FOR,  19  from  Norway,  16  from  Holland,  i4  from  Italy, 

11  from  France,  and  from  1-7  delegates  from  the  other  countries. 

In  all  there  were  206  delegates. 

The  symposium  opened  at  2  o'clock  on  29  July  in  the  chamber  of 
the  Swedish  parliament.  In  his  opening  speech  the  president  of  the 
symposium,  the  famous  Swedish  scientist  Tiselius,  concentrated  on 
the  alms  of  the  meeting.  He  emphasized  that  this  meeting,  in  which 
not  only  scientists  but  also  directors  of  government  institutions 
and  industrial  enterprises  were  participating,  would  allow  planning 
a  program  of  effective  research  directed  towards  increasing  agri¬ 
cultural  and  industrial  resources  and  also  towards  improving  sani¬ 
tary  measures.  This  is  particularly  important  for  raising  the 
prosperity  of  underdeveloped  countries.  Both  the  international 
character  of  the  symposium  and  the  close  connection  of  applied 
microbiology  to  many  sides  of  human  activity  must  help  to  fulfill 
the  plotted  t&Bk. 

He  also  emphasized  that  the  brilliant  accomplishments  of  con¬ 
temporary  physics  can  overshadow  the  meaning  of  biological  research 
for  moat  people.  However,  the  role  of  the  latter  in  increasing  the 
prosperity  of  nations  cannot  be  valued  too  highly. 

Brouhult  (Sweden)  delved  into  statistical  data  describing  popu¬ 
lation  increase  and  on  the  tasks  before  biologists  In  supplying  the 
material  wants  of  nations.  He  devoted  particular  attention  to 
training  scientific  cadres  devoted  to  solving  th*s  problem. 

The  minister  of  culture  of  Israel,  M.  A.  Eban,  stated  that  the 
alms  of  science  must  be  humane  and  directed  towards  Improving  the 
lives  of  people.  The  brilliant  achievements  of  science  in  the 


-kk- 


?Oth  century  include  deep  contradiction®.  These  achievements  have 
„  led  to  conquests  over  diseases  and  to  a  population  increase  but 
they  have  also  placed  humanity  on  the  verge  of  annihilation  by 
atomic  energy.  The  wide  practical  consequences  of  scientific 
discoveries  have  made  the  Internal  connection  between  science  and 
politics  inherent.  Therefore,  science  deprived  of  social  ideas  is 
just  as  inconceivable  as  politics  disregarding  the  achievements  of 
science.  There  must  be  an  organic  connection  between  them  to  en¬ 
sure  that  science  develops  in  the  interest  of  people. 

He  concentrated  on  the  problems  connected  to  the  discovery  of 
political  independence  by  many  underdeveloped  countries.  He  stated 
that  their  being  free  and  politically  equal  does  not  mean  that  they 
are  economically  equal.  Achieving  the  latter  is  tied  to  the  devel¬ 
opment  of  science  and,  primarily,  to  training  scientific  cadres. 
Science  cannot  be  isolated  in  the  laboratory.  It  must  be  connected 
to  life  and  its  needs. 

The  exchange  of  opinions  on  the  basic  tasks  of  the  symposium 
continued  on  July  30,  The  representative  of  the  Rockefeller 
Foundation,  Harrar  (USA),  touched  on  the  possibility  of  microbiologi¬ 
cal  assistance  to  the  development  of  young  countries  in  medicine, 
agriculture  and  industry.  He  noted  the  role  of  science  in  the  strug¬ 
gle  against  disease,  in  supplying  and  processing  foodstuffs  for  man 
and  animals,  in  obtaining  biologically  valuable  compounds  and  also 
in  regulating  soil  processes.  He  emphasized  the  ever  Increasing 
role  of  microbiology  for  mankind. 

Borgstrom,  the  director  of  the  nutrition  laboratory  at  Michigan 
University  (USA),  reported  on  the  problem  of  satisfying  the  needs 
of  the  earth's  growing  population.  He  emphasized  that  today's 


needs  must  net  be  the  only  basis  of  using  nature,  it  ie  erroneous 
to  examine  the  satisfying  of  current  requirements  wlthoug  calcula¬ 
ting  the  possible  consequences  of  exploiting  natural  resources. 

In  particular  he  emphasized  the  possibility  of  the  wide  uses  of  the 
ocean’s  riches  to  solve  nutrition  problems. 

A  professor  from  the  University  of  Ohio  (USA),  Birkeland,  spoke 
about  the  development  of  science  and  the  progress  of  humanity.  He 
noted  that  our  natural  resources  can  be  rationally  used  only  on  a 
scientific  basis. 

After  hearing  the  general  reports  and  the  exchange  of  opinions 
on  them  there  were  several  plenary  and  a  considerable  number  of 
sectional  meetings.  At  most  of  them  the  discussion  concerned  the 
results  of  concrete  scientific  investigations  having  more  or  less 
practical  value.  At  timeB  very  specific  questions  were  discussed, 
the  sterilization  of  milk  or  the  hypogeal  culturing  of  morel  fungi. 
Nevertheless  the  basic  group  of  reports  was  of  undoubted  interest. 

The  themes  of  the  plenary  sessions  were:  l)  microbiology  and 
the  mobilization  of  food  resources;  2)  investigations  in  the  area 
of  applied  Immunology;  3)  perspectives  and  horizons  of  applied 
microbiology;  4)  achievements  in  technical  and  engineering  micro¬ 
biology;  and  3)  mechanisms  of  biochemical  reactions. 

The  work  at  the  sectional  meetings  concerned  these  questions: 

1)  documentation  and  information  in  the  area  of  applied  microbiology; 

2)  production  and  use  of  amino  acids;  3)  protecting  plants  from 
microorganisms  and  insects;  4)  soil  microbiology;  5)  fermentation 
and  preservation  of  organic  matter;  6)  water  microbiology;  7)  trans¬ 
formation  of  hydrocarbons;  and  8)  engineering  work  in  microbiology. 

It  is  clearly  evident  that  in  this  short  article  we  cannot  give 
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a  full  report  on  the  work  of  the  symposium  in  its  entirety.  The 
difficulties  are  tied  not  only  to  the  great  volume  of  work  but  also 
to  the  fact  that  the  material  of  the  symposium  was  not  printed  and 
this  discussion  can  only  be  baaed  on  aural  reports*  Many  confer* 
ences  ran  simultaneously  and  the  small  number  of  Soviet  representa¬ 
tives  precluded  our  having  people  in  every  section.  Therefore  we 
will  survey  only  those  reports  which  were  most  interesting  to  us. 

Among  the  plenary  reports  Braun's  (USA)  "Microbe  Genetics  and 
Applied  Microbiology"  is  worth  noting.  He  noted  that  explaining 
the  laws  of  microbe  variability  has  value  for  practical  alms. 
Establishing  the  role  of  nucleic  acids  in  forming  the  properties  of 
genotypes  and  phenotypes  uncovers  the  possibility  of  cultures  having 
new  properties.  There  have  been  achievements  in  producing  cultures 
for  a  number  of  purposes  (antibiotics,  vitamins,  amino  acids,  etc.). 
The  transition  to  a  biological  concept  concerning  hereditary  sub¬ 
stances  and  the  explanation  of  the  role  of  DNA  are  opening  great 
possibilities  of  producing  microbe  cultures  with  these  valuable 
properties.  Lately  substantial  results  have  been  obtained  in  con¬ 
trolling  the  synthesis  of  enzymes  in  a  microbe  cell  by  means  of  the 
complex  effect  of  inhibitive  and  inductive  substances  of  the  cell. 
Wide  genetical  possibilities  are  being  opened  by  the  phenomena  of 
transformation,  transduction  and  conjugation  in  microbes.  The 
speaker  spent  Borne  time  on  the  workfc  of  the  French  school  (Monod, 
Jacob  and  Wollman),  which  has  created  a  concept  about  the  structure 
of  bacterial  chromosomes.  Genetic  achievements  have  great  value 
for  classification  work.  They  have  undoubted  value  for  medical 
purposes  also  since  existing  methods  can  change  the  antigen  prop¬ 
erties  of  microbes. 
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A  number  of  report*  were  devoted  to  the  produo t Ion  of  proteins 
from  hydrocarbons.  Chaapagnat  (France)  reported  on  this  question. 
The  b&Bic  task  of  the  works  conducted  under  his  direction  In  the 
British  Petroleum  Co.  laboratory  la  the  deparaffination  of  diesel 
fuel  (gas  oil)  with  the  help  of  aerobic  yeast.  The  cultured  bio¬ 
mass  can  be  used  as  a  nutrient  protein.  The  table  gives  data  on 
the  composition  of  10  important  amino  acids  in  the  two  specimens 

f 

of  protein  preparations  obtained  In  the  firm's  tests. 

The  sulfur-containing  amino  acids  are  Insufficient  in  the 
microbe  preparations  but  they  have  a  surplus  of  lysine,  leucine 
and  threonine.  Therefore  when  they  are  added  to  food  these  prepa¬ 
rations  can  be  sources  of  the  named  amino  acids. 

TABLE 


The  composition  of  amino  acids  In  protein  preparations  produced 
from  diesel  fuel  and  their  optimum  ratios  as  calculated  by  the  nu¬ 
trition  and  agriculture  organization  of  UNESCO  (FAO) 


Data 

Amino  acids 

British  Petro¬ 
leum  Co. 

The  nutrition 
and  agriculture 

1 

2 

organization  of 
UNESCO 

Lysine 

12 

7 

4.3 

Phenyl -alanine  i 

Tyrosine  * 

Tyrosine 

7 

5.* 

2.8 

Leucine 

8.8 

7.7 

4.8 

Isoleuclne 

3.3 

5.0 

4.2 

Methyonlne  +  cystine 

2.4 

2.4 

4.2 

Tryptophan 

1.3 

1.4 

Valine 

7.4 

5.2 

4.2 

Threonine 

7.* 

4.9 

2.7 

Sense  'France)  gave  an  hietorical  survey  from  whioh  it  Is  particu¬ 
larly  evident  that  research  into  hydrocarbon  microbiology  in  Prance 
was  first  begun  in  the  laboratories  of  the  British  Petroleum  Co.  but 
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then  this  connection  was  interrupted.  This  report  Introduced  data 
on  the  distribution  in  soil  and  sea  of  microbes  which  oxidize  these 
or  other  liquid  hydrocarbons.  Microbes  which  oxidize  pentanes  and 
cyclohexanea  are  rarely  encountered  while  the  oxidation  of  n-hexane 
and  the  higher  molecular  hydrocarbons  of  a  limited  number  are  ob¬ 
served  more  often.  Dehydrogenat»e8  (DPN)  participate  in  the  oxida¬ 
tion  of  cyclic  groups  of  aliphatic  and  aromatic  hydrocarbons,  prom 
the  latter  aromatic  acids  which  can  have  practical  value  are  formed. 
In  particular  Miles  Laboratories  (Indiana,  USA)  are  studying  micro¬ 
biological  oxidation  of  naphthalene.  Poster  Laboratories  (Texas, 

USA)  are  studying  the  oxidation  of  gaseous  hydrocarbons.  The  task 
of  producing  protein  preparations  from  gaseous  hydrocarbons  evidently 
has  not  yet  been  accomplished  anywhere. 

Casas -Campillo  (National  Polytechnical  Institute,  Mexico)  re¬ 
ported  on  experiments  in  culturing  asporogenlc  yeast  of  the  genera 
Candida,  Torulopsis,  Rhodotorula,  Cryptococcus,  Pityrosporus  and 
others  on  hydrocarbons.  About  strains  which  grow  well  on  kero¬ 

sene  were. selected.  Very  many  of  the  active  strains  were  of  the 
genuB  Rhodotorula.  Unfortunately,  while  the  composition  of  kerosene 
can  vary  tremendously,  no  data  were  given  on  the  chemical  composi¬ 
tion  of  the  test  kerosene.  It  was  shown  that  this  requires  a  greater 
number  of  petroleum  products  consisting  of  hydrocarbons  of  a  lower 
molecular  weight.  The  optimum  source  of  hydrogen  is  ammonium  phos¬ 
phate.  In  the  deep  culturing  of  one  strain  of  Rhodotorula  maximum 
growth  is  attained  in  the  5-6th  day.  The  optimum  quantity  of  kero¬ 
sene  1b  356.  In  4  days  the  biomass  reaches  5-6  g/liter  which  is 
14-25J*  of  the  given  kerosene.  The  biomass  consisted  of  47-523*  of 
protein  and  many  lipids,  15-263*. 


«Hti  auttiUfttt  »r  brought  on  *  uvoly  di»- 

cusalon  at  the  meetings  of  two  sections.  Besides  the  delegates, 
the  prominent  microbiologist  Poster  (USA),  a  representative  of  ESSO, 
Jevanoff,  the  director  of  yeast  factories  in  England,  Dowson  and 
others  took  part  in  the  discussion.  The  speakers  noted  the  huge 
practical  value  of  these  investigations  and  also  the  great  technical 
and  economical  difficulties  standing  in  the  way  of  their  realization. 
They  indicated  the  excessive  optimism  of  Champagnat  and  that  he  had 
somewhat  underevaluated  all  these  difficulties.  The  petroleum  firms, 
British  Petroleum  Co.  and  ESSO,  are  first  of  all  busy  deparafflna- 
ting  diesel  fuel  to  Increase  Its  quality.  The  work  has  been  carried 
farthest  In  that  direction.  But  the  problem  can  also  be  solved  In  a 
different  aspect]  for  example,  the  production  of  nutrient  protein 
from  different  fractions  of  petroleum,  from  the  waste  water  of 
petroleum  refineries  or  from  gaseous  hydrocarbons,  thus  using  the 
oxidizing  activity  of  microbes  to  obtain  these  or  other  chemical 
substances.  All  these  questions  are  still  far  from  practical  solu¬ 
tion. 

The  problem  of  producing  physiologically  active  substances  was 
considered  at  the  plenary  and  one  of  the  sectional  conferences. 

The  representative  of  the  Anglo-Swiss  firm  C1BA,  Wettsteln,  devoted 
his  report  to  the  biosynthesis  of  pharmacologically  active  substances 
by  microorganisms,  with  particular  attention  to  the  production  of 
vitamins  Ba  and  Bj.2,  lysergic  and  6-aminopenicilloic  acids,  the 
transformation  of  every  kind  of  steroid,  and  also  the  synthesis  of 
tetracycline,  rifamycine,  cephalosporin,  various  viral  antibiotics 
etc.  The  speaker  also  reported  on  the  biosynthesis  of  ferrloxaminea, 
cyclic  polypeptides  containing  iron  among  which  are  both  bloatlmulators 


and  antibiotics. 

The  report  of  Chain  (Italy)  touched  on  questions  connected  with 
using  antibiotics.  Having  briefly  described  the  history  of  the  work 
in  antibiotics,  he  noted  that  they  have  revolutionised  medicine.  At 
present  up  to  700  antibiotic  substances  have  been  reported  but  only 
a  comparatively  small  number  of  them  are  being  used  in  clinical 
practice.  Nevertheless,  a  large  number  of  different  diseases  are 
cured  by  antibiotics.  The  successes  in  using  antibiotics  in  medi¬ 
cine  prompt  the  question  of  their  wide  use  in  economically  lagging 
countries.  Chain  listed  the  antibiotics  which  should  be  recommend¬ 
ed  for  wide  use  in  medical  practice.  He  also  emphasized  the  huge 
role  of  applied  antibiotics  in  feeding  farm  animals.  Industry  muBt 
supply  antibiotics  not  only  to  medicine  but  also  to  animal  husbandry. 

The  Japanese  submitted  many  reports  on  biologically  active  sub¬ 
stances.  Most  of  ail  we  noted  the  report  of  Arima  from  the  Insti¬ 
tute  of  Applied  Microbiology  (Tokyo).  He  treated  the  production  of 
enzymeB  by  microorganisms.  Together  with  the  comnon  enzymes, 
amylase,  invertase,  pectinase,  and  protease,  the  author  counted 
another  20  mlcrobic  enzymes  which  can  be  used  in  practices  varidase, 
streptokinase,  penicillinase,  glucosidase,  hyalonidase,  lipase, 
catalase,  keratinaBe,  ribonuclease,  deaminase,  adenylic  acid,  naring- 
inase,  hesperlnase,  glucoisomeraBe,  lactase  and  others.  Several  of 
these  are  produced  only  on  an  experimental  scale  but  others  are  al¬ 
ready  in  production  or  are  being  put  into  production. 

In  Japan,  460  strains  (14  different  genera)  of  bacteria,  98 
strains  of  Actinomyces  and  224  strains  (19  genera)  of  fungi  are  used 
to  produce  enzymes.  It  is  Interesting  that  they  are  using  mucleotides 
(as  a  scent  producer)  to  improve  the  taste  of  food  products.  In 
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Cnl  ba:  a  ‘Japan)  devoted  his  report  to  the  production 
ir<m  * nrrortinc  witn  tne  help  of  SerrEtia  mareescens.  3y  various 
methods  the  author  showed  that  the  threonine  added  to  the  culture  In 
a  number  of  steps  was  converted  into  isoleucine.  The  given  bacteria 
can  dehydrogenize  (with  the  formation  of  a-ketobutyric  acid)  not  only 
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natural  threonine  but  also  its  optic  isomer.  The  obtained  results 
are  new  and  interesting  In  a  scientific  sense.  It  is,  however,  dif¬ 
ficult  to  say  to  what  degree  such  a  means  of  producing  one  amino 
acid  from  another  is  economically  Justified. 

In  his  report  T3uanoda  (Japan)  examined  the  effect  of  aeration 
on  the  formation  of  glutamic,  a-ketoglutarlc,  succinic  and  lactic 
acids  by  a  culture  of  bacteria  (of  the  genus  Brevibacterium) .  The 
oxygen  absorption  rate  was  determined  both  by  the  sulfite  method  and 
by  a  direct  gas  analysis  of  the  input  and  output  air.  It  was  ob¬ 
served  that  the  data  of  these  two  methods  can  noticeably  diverge. 

It  wa3  established  that  during  Intensive  aeration  chiefly  glutamic 
and  ketoglutarlc  acids  are  formed,  during  insufficient  aeration  suc¬ 
cinic  acid  and  during  the  lack  of  aeration,  lactic  acid.  Under  opti¬ 
mum  conditions  more  than  40  g/llter  of  glutamic  acid  accumulates  in 
the  culture  fluid.  Thus,  the  work  la  not  only  theoretically  but 
also  practically  Interesting. 

Karlstrom  (Sweden)  reported  on  a  method  of  producing  bacterial 
mutants  which  can  produce  amino  acids.  The  method  la  baaed  on 
changing  the  capacity  to  synthesize  one  or  another  amino  acid  and 
simultaneously  changing  the  relationship  of  the  mutants  to  cert  n 
analogs  of  that  amino  acid  which  have  a  depressing  or  stimulating 
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steroid  transformation  resembled  survey  reports;  they  contained 
abundant  factual  but  not  new  material. 

Problems  of  soil  microbiology  were  touched  at  both  plenary  and 
sectional  meetings.  In  his  report,  "The  Role  of  Microbiology  in 
Agricultural  Practice,"  having  described  soil  as  a  living  system, 
Katznelson  (Canada)  mainly  discussed  the  Rhizosphere.  This  Is  the 
theme  of  his  invest. 1.  gat  ions  and  in  the  report  he  offered  material 
characterizing  the  microorganisms  of  the  rhizosphere,  the  effect  of 
soil  type  on  the  microflora  in  the  root  and  near-root  zones,  the 
yearly  conditions  etc. 

Increasing  the  light  intensity  increases  the  microbe  population, 
particularly  that  of  the  Pseudomonas,  but  It  does  not  affect  the 
number  of  fungi.  In  the  root  zone  of  plants  which  were  more  strongly 
illuminated  the  nematodes  were  more  richly  established. 

For  wheat  the  maximum  number  of  bacteria  was  observed  at  15° , 
and  for  soybean  at  30° •  Asporogenic  dark-colored  fungi  dominated 
on  the  roots  of  wheat  at  the  high  temperature  and  at  the  low  tem¬ 
perature,  asporogenic  fungi  with  hyaline  mycelium. 

r-r  soybean  Phycomycetea,  Rhizoctorid  and  Ollocladium  were  richly 
established  at  the  high  temperature^  and  Fusarium  and  Cyllndrocarpon 
at  the  low.  Nematodes  also  decreased  In  number  when  the  temperature 
was  lowered  but  not  to  the  same  degree  as  for  the  wheat. 

For  wheat  the  maximum  number  of  bacteria  were  observed  at  low 
humidity.  The  fungous  population  decreased  only  during  the  highest 
humidity,  higher  than  In  the  test.  Under  these  conditions  Fusarium, 
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In  his  report,  "Microorganisms  and  Fertile  Solis,"  Ye*  N. 

Mlshustln  noted  that  the  present  period  of  agricultural  development 

is  connected  to  wide  chemicalization.  However,  this  dees  not  take 

away  from  the  large  role  of  the  biological  factor  in  farming.  The 

high  coat  of  mineral  fertilizers,  and  In  some  cases  their  insufflcl 

/ 

ency  makes  It  adviseable  to  maximally  use  the  forces  of  nature  and 
first  of  all  the  microbiological  soli  processes  which  mobilize  sub¬ 
stances  nutritional  to  plants. 

The  value  of  the  biological  factor  is  particularly  demonstrated 
by  the  example  of  nitrogen.  Even  in  countries  which  widely  use 
mineral  nitrogen,  less  than  of  agricultural  requirements  for 
tills  element  are  supplied  by  mineral  fertilizers.  The  activity  of 
nitrogen-fixing  bacteria  cover  the  rest.  Symbiotic  nitrogen  fixers 
are  especially  important  for  farming  but  this  docs  not  exclude  the 
wide  use  of  nitrogen-absorbing  bacteria  living  freely. 

He  noted  the  possible  role  of  microbiological  methods  in  deter¬ 
mining  soil  requirements  for  fertilizers,  the  role  of  the  micro¬ 
biological  processes  In  Increasing  fertilizer  effectlvity  (mineral 
and  organic)  and  rendering  the  soil  harmless  of  herbicides  and 
fungicides,  etc. 

The  role  of  microorganisms  in  the  treatment  of  agrotechnlcal 
problems  Is  large  since  treating  the  soil  sharply  changes  the  char¬ 
acter  of  soil  processes  and.  In  the  final  result,  this  affects  the 
size  of  the  harvest. 

A  number  of  reports  were  devoted  to  the  Inactivation  of  herbi¬ 
cides  In  the  soil  is  etermlned  by  many  factors  (climate,  soil  type 
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which  ere  active  against  higher  plants  but  affect  soil  microflora 
relatively  weakly;  nlmllar  herbicides  -'an  be  decomposed  hy  ex’rem^1’ 
ly  different  organisms;  b)  compounds  similar  to  nitre-  uerivitive 
of  phenol  which  alter  metabolism  and  possess  considerable  general 
toxicity;  they  can  be  decomposed  by  a  relatively  small  group  of 
microorganisms;  c)  simple  aliphatic  compounds  which  are  distin¬ 
guished  by  their  stability  in  the  soil;  the  following  order  is 
given  as  an  example  of  their  progressive  stability;  allyl  alcohol 
-*■  monochlorascetate  -»  dlchlorpropionate -♦  trichlorascetate;  d)  com¬ 
pounds  which  are  extremely  active  in  nature  but  weak  against  Boll 
microorganisms,  simazin  is  an  example;  this  phenomenon  can  probably 
be  explained  by  their  weak  solubility;  e)  inorganic  compounds,  e.g., 
chlorates  and  sulfonates,  which  can  be  transformed  by  microbes  if 
they  have  organic  substances  which  can  donate  electrons;  without 
this  they  are  stable. 

There  is  a  definite  dependence  between  the  stability  of  com¬ 
pounds  and  their  structure.  Para  position  of  chlorine  or  the  N02 
group  favors  rapid  decomposition.  Meta  position  gives  the  reverse 
effect.  Increasing  the  Cl  £t ot..a  in  the  presence  of  carKrtn  increases 
the  stability  of  compounds.  Replacing  oxygen  by  sulfur  in  urea  and 
its  derlvitives  increases  the  stability  of  these  compounds. 

Wieringa  (Holland)  devoted  his  report  to  decomposition  of  aro¬ 
matic  compounds  by  microorganisms.  Prom  the  upper  turf  he  Isolated 
a  great  number  of  microorganisms  capable  of  decomposing  aromatic 
compounds.  It  is  particularly  easy  to  decompose  toluene.  In  all 


Whleh  d*ee«po««  p  nmol ,  eresol  and 
oir.fr  c  ompo  ui  .d  a .  Several  of  tnese  organisms  form  brown 

and  black  bodies  of  a  humic  nature.  It  la  assumed  that  free  radi¬ 
cals  are  formed  which  can  polymerize  Into  stable  humic  acids. 

In  "Microbiological  Decomposition  of  Pesticides,"  Alexander 
(USA)  reported  on  R  similar  theme.  He  noted  that  the  stability  of 
pesticides  depends  on  their  chemical  nature.  He  studied  the  dea- 
tructlon  process  of  a  significant  series  of  chemical  compounds 
(phenoxyalky 1-carboxyl  acids,  chlorophenols,  halogenic  compounds 
of  the  aromatic  acids,  derlvltlves  of  trlazine,  thlocarbamates  and 
derlvitives  of  benzoic  acid).  Manometrie.  spectrophotometrlc, 
tracer  and  chromatographic  (p.iper  and  gas)  techniques  were  used.  He 
reported  methods  of  transforming  several  of  these  compounds  under 
the  effect  of  soil  microorganisms. 

A  number  of  reports  given  at  the  session  concerned  separate 
sides  of  the  life  of  the  soil  micro-population.  Thus,  Purusaca 
(Japan)  analyzed  the  bacterial  activity  in  a  heterogenic  system. 

This  was  done  to  study  the  sulfate  reduction  process  occurring  in 
very  wet  soils  during  summer. 

By  determining  the  hydrogenase  activity  of  the  soil  by  Warberg'a 
method,  the  soli's  capacity  to  reduce  sulfates  can  be  established 
Indirectly.  The  author  considers  that  the  hydrogenase  activity  of 
the  soil  1b  mainly  caused  by  the  bacteria  Desulfovlbrlo.  It  was 
established  that  sulfate  reduction  can  be  depressed  and  that  It 
depends  on  the  pH  and  the  concentration  of  oxygen  acceptors.  The 
activity  of  these  factors  depends  on  the  presence  of  soil  particles. 
For  a  more  detailed  analysis  he  conducted  tests  with  substrata 
containing  slllco-g-'i  and  resin  particles , 
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tiie  chemical  activity  of  microbe®  can  enange  due  to  the  cells  being 
partially  covered  by  solid  bodies,  the  concentration  or  hydrogen 

ions  on  the  surface  of  the  solids  touching  the  microbe  cell#,  due 
to  changes  in  the  physiological  function  of  the  cells  under  the 
Influence  of  the  particles  surrounding  them,  etc. 

Thus,  the  activity  of  microbes  progresses  differently  in  soli 
than  in  a  liquid  medium. 

Rangaswami  (India)  reported  on  tests  studying  the  soil  of  rice 
paddies.  The  tests  covered  several  years  and  were  statistically 
processed. 

It  was  established  that  when  the  rice  Is  growing  and  the  soil 
flooded,  the  number  of  microorganisms  decreases.  After  the  rice  has 
been  harvested  and  the  water  let  out  of  the  paddy,  the  microorganisms 
begin  to  multiply  rapidly.  The  optimum  moisture  content  for  fungi 
and  Actinomycetes  to  reproduce  is  close  to  20 %  of  full  water  capacity. 
Bacteria  multiply  more  actively  at  of  saturation. 

During  the  first  phase  of  rice  growth  bacteria  dominate  the 
rhlzosphere;  when  it  ripens  fungi  and  Actinomycetes  begin  to  notice¬ 
ably  increase.  After  the  harvest  Actinomycetes  multiply  vigorously. 

Mineral  fertilizers  affect  the  soil  microbe  population  very 
little  but  manure  increases  the  quantity  of  fungi  and  bacteria. 

The  rhlzosphere  effect  of  rice  is  in  general  well  known.  In  the 
deeper  layers  of  the  soil  the  rhlzosphere  is  poorer  in  microorgan¬ 
isms.  Also  the  number  of  fungi  and  bacteria  relatively  increases 
in  it. 

In  his  report  Sasson  (Morocco)  touched  a  number  of  practical 
questions  connected  to  the  possible  role  of  microbiology  in  raising 
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mleropopulatlon  but  also  actively'  reg*iaii.'.g  Its  processes. 


I'i  the  African  C'mnirlea,  K«i|  «cO'-  1  r,  pur',.  : 
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portion  of  the  territory  does  not  have 
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fare  of  the  population  la  organically  o  »c.:.c,  u-,:  t ...  a  a  aim’,  .at Ing 
these  lands,  which  can  be  done  only  through  "‘■•u.:  vf  an  inter- 

national  nature.  The  microbiological  properties  of  soils  which  can 
be  assimilated  are  poorly  defined  and  this  situation  must  be  clari¬ 
fied,  These  soils  must  be  studied  not  only  by  microbiologists  but 
also  by  other  specialists. 

This  speaker  spent  some  time  on  methodical  questions.  He  feels 
that  in  soil  studies  we  must  find  out  not  only  the  size  of  the 
microbe  population  but  also  the  state  of  the  remaining  types  and 
groups  of  microorganisms  which  determine  the  productivity  of  the 
soil.  Keeping  In  mind  the  cllmatlcal  conditions  of  the  territory, 
we  should  devote  particular  attention  to  those  microorganisms, 
especially  cne  nitrogen- fixers,  which  have  adapted  to  drought. 

One  sectional  meeting  concerned  questions  of  the  biological  fixa¬ 
tion  of  atomospherlc  nitrogen.  Chairman  Bond  (England)  reported  in 
detail  mainly  on  symbiotic  fixation  of  atmospheric  nitrogen.  Pre¬ 
sently  there  are  up  to  190  nonleguminbua  plants  which  are  capable 
of  fixing  ttb&wapneric  nitrogen  in  a  symbiosis  with  microorganisms, 
dp  till  now  no  one  has  studied  these  plants,  but.  In  the  opinion 
of  the  author,  they  can  have  a  determining  value  in  agriculture. 

While  moat  of  these  plants,  belonging  to  genera  Elaegnus,  Casuarlna, 
Alnus,  Ceanthua  etc.,  are  trees  and  bushes,  they  still  can  be  used 
in  mixed  planting  or  their  leaves  gathered  for  feed  or  compost. 
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After  Bond  1  o  report  there  was  a  lively  ex~ha  nge  of  onln  i  ohm  . 

The  reporta  took  note  of  the  value  of  Bond’ a  work.  But  It  was 
stated  that  the  leguminous  grasses,  many  of  which  are  very  active 
nitrogen  fixers,  are  no  doubt  more  Important  for  practical  agri¬ 
culture.  The  need  of  future  study  of  the  possibilities  of  using 
free  nitrogen  fixers  In  practical  agriculture  was  alco  emphasized. 
Evidently,  this  can  be  promising  for  rice  fields  where  blue-green 
algae,  many  of  which  can  assimilate  atmospheric  nitrogen,  grow 
vigorously.  It  was  also  noted  that  the  principle  of  the  activity 
of  "azotobacterln, "  which  is  rather  widely  used  in  sigriculture  in 
the  USSR,  is  not  sufficiently  clear. 

There  was  an  interesting  session  devoted  to  the  protection  of 
harvests  from  pests.  These  reports  were  heard: 

l)  Dekker  (Holland),  "internal  Therapy  of  Plants  with  a  Special 
Calculation  of  the  Effect  of  6-azauracil 2)  Zaitlin  (USA),  "Future 
Possibilities  of  Controlling  Plant  Virus  Diseases";  })  Baigent  (New 
Zealand),  "Pseudomonas  Sirlnga  Phage  Harmful  to  Siringa";  4)  Ran- 
gttdwami  (Inala),  "The  Role  of  Antibiotics  in  Suppressing  Phytopatho- 
genlc  Microorganisms  in  the  Soil";  5)  iviraly  (Hungary),  Phenol 
Metabolism  in  Diseased  Plants." 

The  film,  "Biological  Warfare  with  Insects,"  was  shown  at  this 
session.  Franz  (FOR)  explained  the  film. 

The  section  on  conservation  of  organic  substances,  directed  by 
Nilsson  (Sweden),  had  a  number  of  reports  devoted  to  the  problem  of 
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!*i;;s 1  '  «-u* * • ,  The  1  nereaaed  silageati II ty  1  a  attained  by  a;l4‘ug  ma  1 1 , 
meal  arid  usually  a  ma!  last*  preparation.  He  gave  the  determining 
relationships  of*  the  components  which  would  allow  the  ferment  !ng 
of  alfalfa,  clover,  fish  wa3te  products  and  even  blood.  Because 
maitase  has  attained  a  great  value  in  ensuring  the  process  of  fer¬ 
mentation,  one  of  the  Swedish  firms  has  begun  to  produce  a  special 
preparation,  "Ensi-Malt,"  designed  for  ensilage. 

The  report  of  Erikaon  (Sweden)  shone  light  on  the  nutrient  value 
of  different  silages. 

Certain  data  on  changes  in  microflora  composition  during  silaging 
were  given  by  Langston,  an  employee  of  the  Defense  Department  (USA). 
This  report  did  not  contain  any  new  developments. 

Cullough  (USA),  considering  methods  of  ensuring  the  process  of 
ailaging,  gave  data  on  the  use  of  sodium  metablsulfate,  Under  the 
Influence  of  this  preservative,  the  sugar  in  the  silage  mass  (alfal¬ 
fa)  is  gradually  used  up.  Since  the  acidity  does  not  Increase,  this 
is  possibly  explained  by  the  process  of  respiration.  After  2  months 
the  pH  of  alfalfa  was  ^.2.  Thus,  there  is  chemical  preservation 
here.  Its  addition  to  alfalfa  and  wheat  masses,  which  are  rich  In 
carbonyd-ates,  easily  ensures  the  ensilageabi li ty  of  the  feed. 

Malln  (UBA)  reported  on  the  good  preservative  properties  of  the 
antibiotic  tyloaln,  an  actlnomyeete  derlvltive.  This  antibiotic 
does  nut  depress  the  growth  of  lactic  bacteria  but  It  does  suppress 
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concept  of  directed  work  in  the  field  of  applied  microbiology  In 
many  countries  and  it  enabled  personal  contacts  which  ar^  always 
useful . 

The  symposium  resolved  to  further  the  introduction  of  appllec 
microbiological  research  into  practice. 

After  the  congress  the  members  of  the  Soviet  group  visited  th 
Institute  of  Microbiology  of  the  Agricultural  College  at  Uppsala, 
of  which  Nilsson  is  the  head.  He  and  his  co-worker3  (Rydln  et  al 
are  studying  the  process  of  sllaglrig.  The  baBic  results  of  this 
work  have  already  been  given. 

Considerable  work  is  also  being  conducted  there  in  the  field 
of  biological  nitrogen.  Fahraeus  is  conducting  an  interesting  st 
on  the  mechanism  of  root  hair  tuber  Infection  by  bacteria. 

The  Institute  is  preparing  for  the  practical  application  of 
nitrogen  (alfalfa,  clover  and  otner  cultures)  and  It  is  also  cal¬ 
culating  the  effectivity  of  these  preparations.  Testa  over  many 
years  have  shown  that  In  most  cases  nitrogen  noticeably  Increases 
the  productivity  of  leguminous  crops.  They  also  have  tested  the 
preparation  "azotobacterin. "  On  the  3oll  of  Sweden  it  proved  to 
ineffective . 
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